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1. 

TECHNIQUES FOR DYNAMIC DATA 
PROCESSING 

BACKGROUND 

1. Technical Field 
This application relates generally to techniques for use in a 

computer system in connection with data structures. 
2. Description of Related Art 
A data structure may be characterized as a representation of 

data having a particular organization. The data structure may 
be a collection of data hems stored in a particular way where 
the data items may be of varying types. An example of a data 
structure is a linked list of list elements. Each list element may 
include one or more data items. Each list element is connected 
or mapped to another list element using pointers or addresses, 
array indices, and the like, depending on the way in which the 
linked list is implemented. Another example of a data struc 
ture is a record made of an aggregated collection of data items 
or fields. 

Computer programs may be written in a variety of different 
programming languages which provide different ways of 
defining a data structure. A programming language may 
specify a syntax used to express the layout or definition of the 
data structure. For example, a programming language may be 
used to define a record layout by specifying the particular data 
items included in a record instance. When creating an 
instance of the data structure, storage for the structure may be 
allocated to include all data items specified in the layout as 
coded. When an instance of the data structure is referenced, 
all data items of the instance may be loaded into memory. 
When specifying the data items included in the data struc 

ture, there may be a set of common or general items used for 
each instance of the data structure. Each instance of the data 
structure may also include additional information that may 
vary with each instance. For example, a data structure may be 
defined for an insurance claim. There may be a set of common 
data items relevant to all types of possible insurance claims 
Such as, for example, based on a home, automobile, and the 
like. Additionally, there may be data items which vary with 
the type of insurance claim. Depending on the particular 
implementation, different techniques may be used to define 
the data structure. The data structure may be defined to 
include all possible data items that may be needed for all 
possible claim types. For example, if 3 data items are needed 
for an automobile claim and 5 data items (different from the 
previous 3 data items) are needed for a homeowner's claim, 
the data structure definition may include data items for each 
of the foregoing 8 data items as well as any common items. 
The foregoing has drawbacks including the additional 
memory allocated for each instance of the data structure even 
though not all data items are used. 
A programming language may include a language con 

struct to store different data items in shared memory. For 
example, using the C programming language, a structure may 
be defined to include a union of data items where only one 
item in the union can be used at any time. A union of possible 
alternative data items may be defined. All data items of the 
union are associated with a same shared memory location 
which may have a size associated with the largest of the data 
items. 
As yet another alternative, an inheritance model may be 

defined using classes. A first class may be defined as a Super 
class or parent class for the common data items. Subclasses or 
child classes of the parent class may also be defined. With 
respect to the exemplary insurance claims, a parent class may 
be defined to include the data items common to all types of 
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2 
insurance claims. For the Superclass or parent class, Sub 
classes or child classes may be defined to include the addi 
tional data items of information that may vary with each type 
of claim. For example, Subclasses for home and auto may be 
defined within the superclass insurance claim. Such inherit 
ance models may require a complex class hierarchy and class 
definitions to account for the possible variations in structures. 
Furthermore, when instantiating an instance of an object of 
one of the Subclasses, storage may be allocated for the com 
mon data items (of the Superclass) and also the additional data 
items of the subclass. When an instance of an object of the 
Subclass is created, storage may be allocated for all common 
data items of the parent class and the additional data items for 
that Subclass. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention is a com 
puter-implemented method for processing an instance of a 
data structure. At a first point in time, a request to create an 
instance of a data structure is received. The data structure 
comprises one or more data elements, wherein at least one of 
the data elements is a dynamic data element that uses an 
association specifying how to access data for the dynamic 
data element in accordance with criteria and the criteria is 
evaluated using a current context determined at a point in 
time. In response to receiving the request, first processing is 
performed including allocating storage for any data elements 
in the data structure which are not dynamic data elements. 
The first processing does not include processing to access 
data for the dynamic data element using the association 
unless it is determined that the dynamic data element is ref 
erenced at the first point in time in connection with an opera 
tion using the dynamic data element. The dynamic data ele 
ment is referenced at a second point in time in connection 
with an operation performed at the second point in time. In 
response to the referencing, second processing is performed 
where the second processing includes evaluating the criteria 
at the second point in time using a current context determined 
at the second point in time, and retrieving data for said 
dynamic data element in accordance with the current context 
at the second point in time. The criteria may use one or more 
parameters which are evaluated in accordance with a current 
context at each point in time when said dynamic data element 
is referenced. At least one of the parameters may be a value of 
another data element in the instance of the data structure. At 
least one of the parameters may be based on a date associated 
with a time at which the dynamic data element is referenced. 
Data for the dynamic data element may be stored in a persis 
tent data store. The data may be retrieved from the persistent 
data store to create the instance of the data structure in a 
session cache for at least one client. A different session cache 
may be used for each client. A copy of the instance may be 
stored in a global cache used by a plurality of client sessions. 
Each of the plurality of client sessions may correspond to a 
different client connected to a server and the global cache 
may be used as a server cache by said plurality of client 
sessions. The data structure may be an object in an object 
oriented environment. The object may be an instance of a 
class, and each data element associated with said object may 
represent any of an attribute and property of the class. A 
definition for the data structure may be included in a defini 
tion of a class, said class being included in a class structure. 
The dynamic data element may be included in a second class 
definition that is defined at a same level in the class structure 
as said class. The step of evaluating the criteria at said second 
point in time may result in identifying an existing instance of 
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a data entity which is retrieved from a data store by said 
retrieving. The association may be an explicit association 
specifying a single data access description identifying how to 
retrieve said data for said dynamic data element inaccordance 
with said current context at said second point in time. The 
association may be a conditional association including a plu 
rality of conditions and corresponding data access descrip 
tions, wherein if one of said conditions evaluates to true, a 
selected one of the corresponding data access descriptions is 
used to retrieve data for the dynamic data element. The asso 
ciation may be a derived association including a single data 
access description identifying how to retrieve data for said 
dynamic data element in accordance with the current context 
at the second point in time. The derived association may 
include one or more values which are further processed at the 
second point in time in order to retrieve data for the dynamic 
data element. The derived association may include a plurality 
of data values which are further processed in accordance with 
an operation identified in the derived association. The opera 
tion may include performing any of a mathematical operation 
and a string operation on at least a portion of said plurality of 
data values. The operation may use any of forward chaining 
and backward chaining inference methods. The association 
may include a data access description that identifies how to 
retrieve the data for the dynamic data element, wherein the 
data access description includes an item that depends upon at 
least one of the criteria. The item may be a key included in a 
database query and the key may have a value determined in 
accordance with a parameter included in the criteria. The 
parameter may have a value determined in accordance with a 
current context at a point in time when the dynamic data 
element is referenced. The data access description may iden 
tify at least one of a database to be accessed in connection 
with said retrieving, a location of a database, and a protocol. 
The association may be included in metadata for the dynamic 
data element. As a result of performing the second process 
ing, a portion of the metadata may be updated. The data 
structure may represent a work item in a business process. 
The business process may be managed by any of a public and 
private entity. The business process may be a process in one of 
a plurality of areas where the plurality of areas includes 
telecommunications, government, insurance, insurance 
claims processing, insurance application renewal, insurance 
underwriting, finance, loan processing, healthcare, automo 
tive, retail product sales, clothing, marketing, computer Ser 
vices, food and restaurant industry, consumer sales and Ser 
vices, purchasing a product or service, returning a previously 
purchased item, Submitting a complaint or problem report 
requiring resolution, ensuring compliance with government 
rules and regulations, and inventory update and purchasing. 
The second processing may include allocating storage for the 
dynamic data element. In connection with the second pro 
cessing, the data for the dynamic data element may corre 
spond to a first data instance, and, if the first data instance is 
already loaded into memory, the first data instance already 
loaded into memory is used in connection with the retrieving, 
and otherwise additional processing is performed to load the 
first data instance into memory. The dynamic data element 
may be referenced at the first point in time and the criteria 
may be evaluated in accordance with a current context at the 
first point in time to access data for the dynamic data element. 
The first processing may include determining that data for 
said dynamic data element corresponds to a first data instance 
of a first class or type. The second processing may determine 
that data for the dynamic data element corresponds to a sec 
ond data instance of the first class or type. Referencing the 
dynamic data element may be performed in connection with 
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4 
one of a plurality of trigger events, where the plurality of 
trigger events include any of displaying a user interface with 
the dynamic data element contained therein, performing rule 
processing, determining that data for said dynamic data ele 
ment is not already loaded into virtual memory, determining 
that data for said dynamic data element is not already loaded 
into a session cache or a server cache, and determining that a 
cached copy of data for said dynamic data element is no 
longer valid in accordance with an expiration time. The asso 
ciation may be included in a declarative page, and the declara 
tive page may be used in connection with said referencing to 
retrieve the data for the dynamic data element. The declara 
tive page may be referenced during processing of the dynamic 
data element in connection with a workflow process. The 
declarative page may be updated to change how data for the 
dynamic data element is accessed, wherein the change 
includes using at least one of a different criterion, a different 
condition, a different parameter, and a different data access 
description. The declarative page may be defined in a declara 
tive page definition, and the workflow process may be defined 
in a workflow process definition that is separate from the 
declarative page definition. A server may receive the request 
from a client to create an instance of the data structure, and the 
server may perform said first processing and said second 
processing. At least one of the data structure and the dynamic 
data element may be a database table. One of the data struc 
ture and the dynamic data element may be an object and 
another of the data structure and the dynamic data element 
may be a database table. The database table may be in a 
normalized form. 

In accordance with another aspect of the invention is a 
computer-implemented method for processing an instance of 
a data structure. At a first point in time, a request to process an 
instance of a data structure is received where the data struc 
ture comprises one or more data elements and wherein at least 
one of the data elements is a dynamic data element that uses 
an association specifying how to access data for the dynamic 
data element inaccordance with criteria. The criteria is evalu 
ated using a current context determined at a point in time. In 
response to receiving the request, first processing is per 
formed where the first processing includes determining 
whether the dynamic data element is referenced at the first 
point in time. If the dynamic data element is referenced at the 
first point in time, the criteria is evaluated at the first point in 
time using a current context determined at the first point in 
time, and data for the dynamic data element is retrieved in 
accordance with a current context determined at the first point 
in time. If the dynamic data element is not referenced at the 
first point in time, said evaluating and said retrieving are not 
performed. The criteria may be evaluated to determine a 
location from which data for the dynamic data element is 
retrieved. The criteria may include a first condition which, 
when having a first value as a result of said evaluating, speci 
fies that the data for the dynamic data element is retrieved 
from a first location, and which, when having a second value 
as a result of said evaluating, specifies that the data for the 
dynamic data element is retrieved from a second location 
different from the first location. The request may be made in 
connection with performing a business process. The business 
process may be performed in connection with at least one of 
insurance, finance, healthcare, automotive, food and restau 
rant industry, sales and services for consumer goods and 
services, purchasing a product, purchasing a service, return 
ing a previously purchased item, Submitting a complaint 
requiring resolution, inventory update, insurance claim pro 
cessing, insurance application renewal, insurance underwrit 
ing, and loan processing. 
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In accordance with another aspect of the invention is a 
computer readable medium comprising executable code 
stored thereon for processing an instance of a data structure. 
The computer readable medium comprises executable code 
for: receiving, at a first point in time, a request to create an 
instance of a data structure, the data structure comprising one 
or more data elements, wherein at least one of the data ele 
ments is a dynamic data element that uses an association 
specifying how to access data for the dynamic data element in 
accordance with criteria, the criteria being evaluated using a 
current context determined at a point in time; in response to 
receiving the request, performing first processing including 
allocating storage for any data elements in the data structure 
which are not dynamic data elements, wherein the first pro 
cessing does not include processing to access data for the 
dynamic data element using the association unless it is deter 
mined that the dynamic data element is referenced at the first 
point in time in connection with an operation using the 
dynamic data element; referencing the dynamic data element 
at a second point in time in connection with an operation 
performed at the second point in time; and in response to said 
referencing, performing second processing, the second pro 
cessing including evaluating the criteria at the second point in 
time using a current context determined at the second point in 
time, and retrieving data for the dynamic data element in 
accordance with the current context at the second point in 
time. 

In accordance with another aspect of the invention is a 
computer readable medium for processing an instance of a 
data structure, the computer readable medium comprising 
executable code for: receiving, at a first point in time, a 
request to process an instance of a data structure, the data 
structure comprising one or more data elements, wherein at 
least one of the data elements is a dynamic data element that 
uses an association specifying how to access data for the 
dynamic data element in accordance with criteria, the criteria 
being evaluated using a current context determined at a point 
in time; and in response to receiving the request, performing 
first processing, the first processing including determining 
whether the dynamic data element is referenced at the first 
point in time, and, if the dynamic data element is referenced 
at the first point in time, evaluating the criteria at the first point 
in time using a current context determined at the first point in 
time, and retrieving data for the dynamic data element in 
accordance with a current context determined at the first point 
in time, wherein if the dynamic data element is not referenced 
at the first point in time, said evaluating and said retrieving are 
not performed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features and advantages of the present invention will 
become more apparent from the following detailed descrip 
tion of exemplary embodiments thereof taken in conjunction 
with the accompanying drawings in which: 

FIG. 1 is an example of an embodiment of a system that 
may utilize the techniques described herein; 

FIG. 2 is an example of an embodiment of components that 
may be included in a server in the system of FIG. 1; 

FIG. 3 is an example illustrating conversion of metadata 
into executable Java code in one embodiment; 

FIG. 4 is an example representation of an instance of an 
object or other data structure; 

FIG. 5A is an example of metadata that may be specified 
for a data element; 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
FIG. 5B is an example illustrating different types of asso 

ciations that may be included in an embodiment in accor 
dance with techniques described herein; 

FIGS. 6,7,8,9, and 10 illustrate a first set of examples of 
dynamic data elements and associations in accordance with 
techniques described herein; 

FIGS. 11A, 11B, 12 and 13 illustrate a second set of 
examples of dynamic data elements and associations inaccor 
dance with techniques described herein; 

FIGS. 14A, 14B, 15 and 16 illustrate a third set of examples 
of dynamic data elements and associations in accordance 
with techniques described herein; and 

FIGS. 17, 18 and 19 illustrate a fourth set of examples of 
dynamic data elements and associations in accordance with 
techniques herein. 

DETAILED DESCRIPTION OF 
EMBODIMENT(S) 

Referring to FIG. 1, illustrated is an example of a suitable 
computing environment in which embodiments utilizing the 
techniques described herein may be implemented. The com 
puting environment illustrated in FIG. 1 is only one example 
of a suitable computing environment and is not intended to 
Suggest any limitation as to the scope of use or functionality 
of the techniques described herein. Those skilled in the art 
will appreciate that the techniques described herein may be 
Suitable for use with other general purpose and specialized 
purpose computing environments and configurations. 
Examples of well known computing systems, environments, 
and/or configurations include, but are not limited to, personal 
computers, server computers, hand-held or laptop devices, 
multiprocessor Systems, microprocessor-based systems, pro 
grammable consumer electronics, network PCs, minicom 
puters, mainframe computers, distributed computing envi 
ronments that include any of the above systems or devices, 
and the like. 
The techniques set forth herein may be described in the 

general context of computer-executable instructions. Such as 
program modules, executed by one or more computers or 
other devices. Generally, program modules include routines, 
programs, objects, components, data structures, and the like, 
that perform particular tasks or implement particular abstract 
data types. Typically the functionality of the program mod 
ules may be combined or distributed as desired in various 
embodiments. As described below in more detail, one 
embodiment of the techniques herein may be implemented 
using object-oriented programming and/or runtime environ 
mentS. 

Included in FIG.1 are client computers 12a, 12b, a network 
14, and a server 16. The computers 12a, 12b and server 16 
may include a standard, commercially-available computer or 
a special-purpose computer that may be used to execute one 
or more program modules. Described in more detail in fol 
lowing paragraphs and figures is processing that may be 
performed by program modules executed by the computers 
12a, 12b and server 16 in connection with using the tech 
niques described herein. It will be appreciated by those 
skilled in the art that although the computers 12a, 12b and 14 
are shown in the example as communicating in a networked 
environment, the foregoing components may communicate 
with other components utilizing different communication 
mediums. For example, the computer 12a may communicate 
with one or more components utilizing a network connection, 
and/or other type of link known in the art including, but not 
limited to, the Internet, an intranet, or other wireless and/or 
hardwired connection(s). 
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As illustrated in FIG. 1, the computer 12a may include one 
or more processing units 20, memory 22, storage 30, and a 
system bus 32 used to facilitate communications between the 
components of the computer 12a, as well as other compo 
nents not illustrated in FIG.1. The computer 12b and server 5 
16 may also include components similar to those as illustrated 
and included in the computer 12a. 

Depending on the configuration and type of computer 12a, 
memory 22 may be volatile (such as RAM), non-volatile 
(such as ROM, flash memory, etc.) or some combination of 
the two. Additionally, the computer 12a may also have addi 
tional storage (removable and/or non-removable) including, 
but not limited to, USB devices, magnetic or optical disks, or 
tape. Such additional storage is illustrated in FIG. 1 by storage 
30. The storage 30 may include one or more removable and 15 
non-removable storage devices having associated computer 
readable media that may be utilized by the computer 12a. The 
storage 30 in one embodiment may include a hard disk and/or 
CD-ROM drive. By way of example, and not limitation, 
memory 22 and storage 30 are examples of computer readable 
media. Computer readable media includes Volatile and non 
volatile, removable and non-removable media implemented 
in any method or technology for storage of information Such 
as computer readable instructions, data structures, program 
modules or other data. Computer readable media includes, 
but is not limited to, RAM, ROM, EEPROM, flash memory or 
other memory technology, CD-ROM, (DVD) or other optical 
storage, magnetic cassettes, magnetic tape, magnetic disk 
storage or other magnetic storage devices, or any other 
medium which can be used to store the desired information 
and which can accessed by the computer 12a. The foregoing 
media typically embodies computer readable instructions, 
data structures, program modules or other data. 
The computer 12a may operate in a networked environ 

ment as illustrated in FIG. 1 using logical connections to 
remote computers, such as the server 16, through a network. 
One or more software modules and/or data files may be 
included in storage 30 of the computer 12a. During operation 
of the computer 12a, one or more of these modules included 
in the storage 30 may also reside in a portion of memory 22, 
such as, for example, RAM for controlling the operation of 
the computer 12a. 

The server 16 may represent a server computer system 
connected to the network 14. The server computer system 
may include Software modules to service requests and one or 
more processors, memory, storage, and the like, similar to that 
as described herein with respect to the computer 12a. As will 
be described in more detail in following paragraphs, the tech 
niques herein may be used in an embodiment in which the 
computers 12a and 12b are client computers which commu 
nicate with the server 16 over the network 14. The computers 
12a, 12b may include a web browser or other software for use 
in connection with rendering a user interface (UI) Such as may 
be used in connection with viewing and performing other 
operations on data requested, and received from, the server 
16. Each of the clients 12a, 12b may operate independently of 
each other in connection with performing different operations 
on data obtained from the server 16. The server 16 may utilize 
the techniques described herein in connection with perform 
ing processing and operations on instances of data structures, 
Such as objects, as may be created and/or retrieved from a 
database on the server 16 in response to a request from one of 
the clients 12a, 12b. 

Described in more detail herein is an embodiment utilizing 
a rule based system in an object-oriented environment. 65 
Although reference may be made herein to object-oriented 
systems, the techniques herein may be utilized in connection 
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8 
with other environments as will be appreciated by those 
skilled in the art. Furthermore, reference may be made herein 
to a particular field of use as related to defining applications 
for business process management although the techniques 
herein are not limited to use with data structures for these 
particular types of applications. In an object-oriented envi 
ronment, developers may perform application development 
by designing a class structure defining work and data charac 
teristics for an application. Rules may also be created and 
used at appropriate places in the class hierarchy to define 
business policies, workflow practices and operations for each 
type of work, and the like. A rule based system may be used 
as an alternative to having a developer write source code for a 
new application. A rule resolution process may utilize differ 
ent types of information (e.g., class hierarchy, inheritance, 
versioning, temporal data, specific circumstance, security 
etc.) to find the correct rules to apply for a particular object in 
a specific context (e.g. particular user settings, system set 
tings, business criteria etc.). Rules may be generally charac 
terized by category (e.g. declarative rules, decision rules, 
process rules, integration rules, data or system rules etc.) and 
form the business logic that define a behavioral aspect of the 
application. For example, one or more process rules in an 
application may define a business work flow or operation that 
references other types of rules Such as declarative rules, user 
interface rules (defining the content and the configuration of 
the user interface for the application), and the like. Declara 
tive rules state a relation between a set of variables. When 
there is a change to one of the variables in a declarative rule, 
updates to other variables referenced in that rule, as well as 
any other variables participating in other rules that may be in 
the same dependency network may be performed in order to 
maintain the relations specified in the rules. Declarative rules 
and associated processing are described, for example, in U.S. 
patent application Ser. No. 10/854,017 filed on May 26, 2004, 
entitled “Methods and Apparatus for Integration of Declara 
tive Rule-based Processing with Procedural Processing in a 
Digital Data-Processing Environment, Trefler et al., (also 
referred to as the “PRODEX patent application'), which is 
incorporated by reference herein. A rule set may refer to a 
collection of rules and one or more rule sets may define an 
application. New applications may be built by creating any 
needed class definitions and new rules. The new rules, alone 
or in combination with existing rules, may be grouped into 
rule sets used by the application. 

Referring to FIG. 2, shown is an example of components 
that may be included in an embodiment of the server 16. The 
example 50 includes rules base 40 constructed and accessed 
in the conventional manner known in the art of rules bases. 
The digitally encoded rules 41 that it contains are likewise 
formatted and stored in the conventional manner known in the 
art. An example of the structure, operation and use of the rules 
base 40 and rules 41 is provided in commonly assigned U.S. 
Pat. No. 5,826,250, entitled “Rules Bases and Methods of 
Access Thereof and U.S. patent application Ser. No. 1 1/368, 
360, filed Mar. 3, 2006, entitled “Rules Base Systems and 
Methods with Circumstance Translation, the teachings of 
both of which are incorporated herein by reference. 
The server 50 also includes rules engine 42 of the type 

conventionally known in the art for use in processing rules, 
e.g., retrieved from a rules base 40, in order to respond to (or 
otherwise handle) events signaled to and/or detected by the 
engine 42. Moreover, the illustrated server 50 is shown as 
including both a rules engine and rules base. However, in 
other embodiments, multiple servers may be provided which 
may (or may not) include Such co-housed rules engines and 
rules bases. 
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Illustrated applications 34, also executing on the rules 
engine 42, comprise a set of rules 36 defining the user inter 
face(s) and other aspects of one or more Software applications 
written, tested and revised by developers and executed by 
users. By way of non-limiting example, Such software appli 
cations 34 can be multi-user enterprise software systems 
(e.g., business process management applications), and the 
like. Moreover, the applications 34 can comprise one or more 
components, modules, systems, and so forth (collectively, 
“components'), as is common in the art. Though, in the illus 
trated embodiment, applications 34 are defined by rules 36 
that are executed on engine 42, in other embodiments the 
applications 34 may be defined and/or executed otherwise. It 
will be appreciated that in the case of rule based applications, 
a single rule (e.g. a user interface rule) can be unique to a 
specific application or it can be a generalized rule that is 
shared by multiple applications. For example, applications 34 
may include a student loan processing application as well as 
a credit card dispute application where the rules are modeled 
or built in hierarchical classes following an object-oriented 
paradigm (similar to those used with language such as Java). 
Although the rules defining those applications may differ, 
they may utilize a common rule or set of rules for various 
operations such as, for example, to define various UI screens 
(e.g., showing biographical information, Such as Name, Con 
tact Information, Income, Gender etc.) and/or processing 
sequences (e.g., payment or pay-off calculations) that can be 
inherited or otherwise specified for use by multiple applica 
tions. 

In operation, during execution of applications 34, rules 
engine 42 responds to signaling (e.g., received from the client 
devices such as in the form of HTTP requests), or otherwise, 
processes rules 36 defining the applications 34. As mentioned 
above, the rules that define an application may include user 
interface rules for generating user interfaces (or component 
thereof) for transmittal to client devices for display (e.g., as 
static web pages) and/or execution (e.g., as Java Scripts, 
ActiveX objects, or otherwise) by their respective browsers. 
It will be appreciated that although, in the illustrated embodi 
ment, user interface rules (and other rules 36) are executed on 
the server for transmittal to the client devices, in other 
embodiments, those rules may be executed, instead or in 
addition, on the client devices directly. An example of a 
system and method that, among other things, can be used to 
process rules to generate a user interface is disclosed in the 
commonly assigned U.S. patent application Ser. No. 1 1/396, 
415, filed Mar. 30, 2006, entitled “User Interface Methods 
and Apparatus for Rules Processing, and U.S. patent appli 
cation Ser. No. 12/035,682, filed Feb. 22, 2008, entitled “User 
Interface Methods and Apparatus for Rules Processing, both 
of which are incorporated herein by reference. 

In the illustrated embodiment, rules engine 42 may be 
implemented in Java and may use an XML data structure. 
Therefore, the rules stored in the rules base 40 as metadata 
may be translated into Java in order for the processor of the 
server to execute the functionality defined by such rules. The 
first time that a particular rule is implicated (for a specific 
context as defined above), its metadata is extracted from the 
rules base 40 as XML, source code for a unique Java imple 
mentation class is generated from the XML, compiled, loaded 
into a Java cache and then executed. All Subsequent refer 
ences to the same rule (for the same context) will simply reuse 
the Java implementation class that has already been generated 
by simply executing the class file previously loaded into Java 
cache. Furthermore, in order to improve performance, the 
rules engine 42 generates a single Java implementation class 
for a rule which references other rules and, therefore, contains 
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10 
generated Java code for such referenced rules. This is illus 
trated, by way of example, in FIG.3 described below. It will 
be appreciated that although in the illustrated embodiment, 
the rules engine 42 is implemented in Java and utilizes an 
XML data structure, other embodiments of the rules engine 
may be implemented in any other programming language and 
utilize other data formats. 

With reference to FIG. 2 and to the discussion above, when 
the rules engine 42 is processing the one or more implicated 
rules 36 (as described above), it extracts the metadata for such 
rules (e.g., as an XML file) and converts them into Source 
files, e.g., JSP. Servlet etc. These source files are compiled 
and executed to perform the particular operation. The client 
request may cause the server, for example, to generate the 
markup language stream for the requested web page. The 
client request may be, for example, to view information caus 
ing retrieval of the information from a database on the server 
and then return of the retrieved information, or portions 
thereof, to the client. Communications between the client(s) 
and server may be in accordance with appropriate protocols. 
For example, client-server communication may be in the 
form of HTTP requests and responses. Information returned 
to the client may be in any suitable format, such as XML, 
which can be understood and processed by the client. 

Also included in FIG. 2 are a persistent data store 82, one 
or more session caches 84 and a global (server) cache 86. In 
one embodiment, objects, or more generally data structures 
used in connection with techniques described herein, may be 
stored in a persistent object data store 82. Such as a database. 
The server may manage a session cache 84 for each client 
session. The server may also maintain a global or server-wide 
cache 86 of data for all client sessions of the server. A client 
(e.g., 12a from FIG. 3) may performan operation resulting in 
a request being sent to the server. The server may perform 
processing in accordance with the request which may include 
retrieving one or more objects from the data store 82. The 
retrieved objects may be stored in the session cache for the 
client and/or in the global cache 86 depending on the particu 
lar object and associated rule(s). The session cache for a client 
may include a copy of data objects retrieved from the data 
store 82 during the client session. Operations performed dur 
ing the client session may be performed with respect to the 
copy of data objects included in the client session cache. At a 
later point in time, a command may be issued to commit the 
copy of data objects from the client session cache to the 
persistent object data store 82 in order to update the data store 
82.Techniques described in following paragraphs herein may 
be used in connection with maintaining and management of 
data objects in the session cache?s) 84 and/or the global cache 
86 of a server. In one embodiment, objects in the data store 82 
may be stored in database tables from which XML represen 
tations may be constructed. The session caches 84 and global 
cache 86 may include the XML representations for the data 
objects. Conversion is performed between the database or 
other format of data store 82 and XML or other format of the 
caches 84 and 86. The PRODEX patent application describes 
in more detail the XML and persistent data store representa 
tions that may be used in an embodiment. It should be noted 
that loading and/or saving of objects to persistent storage may 
be performed implicitly (e.g., where the system loads and/or 
updates objects in accordance with rules such as to update one 
variable dependent on another which has changed) or explic 
itly (e.g., programmer is responsible for indicating when to 
load and save objects). 

In one embodiment in which the rule based system of the 
server is used for business process management applications, 
the objects included in data store 82 and caches 84, 86 may 
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include work objects representing a unit recording processed 
work. For example, the system of FIG. 2 may be used for 
insurance application development where the work objects 
may represent different types of requests for insurance cov 
erage, various insurance claims, and the like. As generally 
described in more detail below, the work object may be rep 
resented by a class and properties of the class may be used to 
capture the attributes, methods and other data elements asso 
ciated with the work object. 

Referring to FIG.3, shown are processing steps that may be 
performed in an embodiment of the server for processing 
rules. In the example 100 in furtherance of the exemplary 
embodiment described above, the rules are translated into 
Java for execution. A rule processing request, such as an 
HTTP or other request, for one or more rules may be received 
from a client 12a. In response, processing is performed by the 
server to determine the correct rule(s) and accordingly pro 
cess the selected rules to generate code for execution by the 
server. For the specified one or more rules, at step 102, a 
determination is made as to whether the corresponding Java 
class files for the specified one or more rules is already in the 
Java cache. As mentioned above, a single Java class file may 
exist for a rule that references other rules, and thus, contains 
generated code for such rules. If step 102 evaluates to yes, 
control proceeds to step 110 where the existing class file is 
used. Otherwise, if step 102 evaluates to no, control proceeds 
to step 104 where processing (e.g. a rule resolution process as 
described above) is performed to select the correct rule(s) for 
the specific context from the rules base 40 where the rules 
may be in a form such as XML. U.S. Pat. No. 5,826,250, 
which is incorporated by reference herein, describes how a 
rule may be selected in an embodiment, for example, in 
accordance with an objective, circumstance, business pur 
pose, product, organization rule set, rule version, data time, 
security required for each rule, and the like. At step 106, Java 
source code for the selected rule(s) is generated. At step 108, 
the Java Source code is compiled into a single Java class file 
which is loaded into the Java cache in step 112. From step 
112, control proceeds to 110 where the loaded Java class file 
is executed. 

Prior to describing techniques herein for use with data 
structure management and operations on the server in con 
nection with objects, definitions are first specified for refer 
ence in connection with an embodiment of the techniques 
herein in an object-oriented system. 
A class is a type specification for a structured data collec 

tion called an object. The type specification is represented as 
a set of elements. A class has a unique name that distinguishes 
it from other classes and objects. An element has a name as 
well as information associated with that name. There are two 
types of elements: data elements, and methods. A data ele 
ment (also known as a property) contains a data type specifi 
cation, and a data value. For elements that are part of a class 
specification, this value is the default value (the initial value 
for the element when an object of the class is instantiated). A 
method element contains a reference to a function, as well as 
type specification information for the parameters of the func 
tion, and indicates any values returned by the function. 
An object is a structured data collection containing a set of 

elements, and some other information. An object is created 
(or instantiated) according to a specification from a particular 
class. A possible implementation of Such an instantiation 
would be to simply copy the elements of the class to the 
object. An object maintains a reference to its associated class. 
An object is also given a unique name. That is, its name is 
different from that of any other object, regardless of class. An 
object is given the name when it is instantiated. An object may 
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12 
also be deleted, at which time, its resources (memory used, 
and unique id) are recycled to pools from which they may be 
re-used. It should be noted that as used herein, an object may 
also be referred to more generally as a data structure. 
A property (data element) of an object may, itself, be an 

object. An object contained in a property of another object is 
called a sub-object of the containing object. A property of an 
object may also contain a set of sub-objects. A property of an 
object may contain a reference to another, related object. This 
is distinct from the notion of a sub-object in that the property 
contains a reference to the related object rather than the com 
plete information for the object, as is the case with a sub 
object. For example, Suppose an object, A1, contains a Sub 
object, B1, and a reference to a related object C1. The related 
object C1 can exist independently of A1, but B1 cannot. Thus, 
if A1 is deleted, B1 will be also deleted because its memory is 
allocated as part of A1. However, C1 will not be deleted. 

In connection with an object-oriented system, a class hier 
archy and definitions for each class in the hierarchy may be 
specified. A class may define its own elements. A class may 
also, optionally, have a parent class, from which it inherits 
elements. Thus, when an object of the class is instantiated, it 
will have elements defined by its associated class, as well as 
elements inherited from the class parent class, if Such a 
parent class exists. If an element or method defined for a class 
has the same name as an element or method inherited by the 
class, the element or method defined for the class is used, and 
the inherited element or method is ignored. 
An embodiment using an object oriented system may 

specify different ways in which data may be accessed and 
modified or set. 
A class can be retrieved by using its name as a key. 
An object can be retrieved by using its name as a key. 
A data element of an object or class can be retrieved by 

using the object or class name, followed by the data element 
name. The two names are separated by the delimiter".” 

Examples: person.height or FredSmith105.height 
When a data element contains a set of sub-objects, or 

references to a set of related objects, elements of the set can be 
accessed using an index specified in parentheses after the data 
element name. 

Example: order.items(3) 
This accesses the third element in the set order.items 
Example: person.children (“Fred') 
This accesses the element in the set person.children 

indexed by “Fred'. Note that the index need not be an integer. 
Additional details regarding data element (property) des 

ignation are known in the art and also as described, for 
example, in the PRODEX patent application. Furthermore, it 
should be noted that a data element of an object or class can be 
set using the “=' operator. The left side should be a property 
designation using class or object name followed by element 
name, as described above. The right side should containa data 
value that is consistent with the type specification for the data 
element. 

Example: 
vacation.fuel cost vacation.travel miles vacation.car. 
cost per mile 

A method is invoked using the object or class name, fol 
lowed by the method element name. Parameters are provided 
within parentheses. 

Example: Person.max(Fred.height, Joe.height) 
Values returned by functions can be used to set data ele 

ment values using the above-described syntax 
Example: 

MyCompany. AnnualSales=MyCompany. SumOverMonths 
(2002, “Sales”) 
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An object can be created (instantiated) using a global cre 
ate method that takes, as parameters, the class and the name 
for the object. Optionally, data element name-value pairs can 
be included as parameters to this method for the purpose of 
initializing the named data elements to the values, as long as 
these values are consistent with the class-specified data types 
for the data elements. Also, optionally, constructor methods 
that take Zero or more arguments can be specified at the class 
level. The constructor methods are invoked after memory for 
the object is allocated, and its data elements are initialized to 
their default values (if any). An object can be deleted using a 
global delete method that takes, as parameter, the name of the 
object. When an object is deleted, its resources (allocated 
memory, and unique id) are recycled to pools from which they 
may be re-used. It is the responsibility of the developer to 
delete any outstanding references to this object (from other 
objects, for example). 

In a typical object-oriented system Such as described 
herein, object instances exist in the virtual memory space of a 
computer's operating system. Objects in virtual memory, 
such as included in the representation of caches 84 and 86 of 
FIG. 2, can easily be accessed and modified by application 
algorithms. The virtual memory representation may be used 
for all computations, that modify data elements of objects. 
Virtual memory is, however, volatile. For example, when the 
computer's operating system shuts down, virtual memory is 
reset, and any objects in it are lost. To prevent this, objects 
may be made persistent Such as by storing the objects in a 
persistent data store 82 of FIG. 2. In other words, the transient 
objects residing in virtual memory. Such as in a cache 84, may 
be saved to persistent memory such as by storing the objects 
to the data store 82 using suitable API that supports load and 
save operations on objects. The particular form in which the 
data is stored in the persistent data store and elsewhere may be 
any Suitable form and may vary with embodiment. 

Referring to FIG. 4, shown is an example illustrating a 
representation of an object, or more generally a data structure, 
as may be used in accordance with techniques herein. The 
object may be partitioned into a plurality of data elements. In 
the example 400, the object X may have 5 data elements 
denoted A-E. Each data element may also have corresponding 
metadata. The metadata may include information describing 
the data element such as properties or attributes of the data 
element. Although not illustrated in FIG.4, it should be noted 
that there may also be metadata on a per structure or object 
basis as well as on a per data element basis. Each data element 
may represent one or more corresponding atomic data units. 
As will be described in following paragraphs, techniques 
herein in the form of data associations may be used to load 
and/or retrieve Such atomic data units on demand when 
needed so that data associated with one data element may be 
loaded and/or retrieved at a first point in time independently 
of the other data elements. In other words, data for each data 
element may be selectively loaded/retrieved at different 
points in time as needed on demand. For example, during 
execution of programming instructions in a procedural or 
declarative system, if the execution of the programming step 
requires data for Successful execution, an embodiment may 
retrieve the data when processing is performed in connection 
with executing that step. Furthermore, techniques herein may 
be used to dynamically evaluate criteria in accordance with a 
current context at the point in time where the criteria may 
affect what data is retrieved, from what location, with differ 
ent access parameters, and the like. Data loaded and/or 
retrieved for a data element may vary in accordance with the 
results of the evaluation performed at each point in time. 
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Referring to FIG. 5A, shown is an example illustrating 

types of metadata that may be included in metadata for a data 
element. Metadata may include an association502, size infor 
mation 504, type information 506, class information 508, an 
initial data value 510, and other metadata information 512. 
The association 502 generally specifies, using one or more 
data access descriptions, how to access the data element. As 
described herein in more detail, one embodiment may include 
three types of associations and a data element association 
metadata 502 may identify and describe the particular type of 
association used for the corresponding data element. The 
three types of associations described herein may be charac 
terized as “loose' associations. A loose association specifies, 
using one or more access descriptions, how to access data for 
a data element (e.g., data instance or object) which is loosely 
related to another data element. The loose association may be 
characterized as varying with a current context. The current 
context may be determined at the time a data element is 
needed or otherwise requested on demand. The three types of 
associations included in one embodiment as set forth in fol 
lowing paragraphs are explicit, conditional, and derived. Size 
information 504 may identify the size of the data element in 
bytes or some other unit. The type information 506 may 
identify a data type of the data element Such as, for example, 
integer, string, and the like. The class information 508 may 
identify the particular class of the data element. The initial 
data value 510 may identify the value to which the data 
element is initialized. The other metadata information 512 
may include, for example, information affecting caching 
instances of the data element such as whether and when a 
fresh copy of the data element is retrieved from the database. 
As described below, associations may be generally used to 

dynamically associate any two data entities. Associations as 
described herein may generally be used in connection with a 
first data entity which references or otherwise (directly or 
indirectly) depends on an existing instance of another data 
entity. For example, an association may be used to dynami 
cally associate a data element with a data object or other data 
structure where that data object or other data structure may 
include the data element. The association provides for speci 
fying a link to the data element via a data access description 
which may be dynamically and contextually evaluated at a 
point in time when the data element is needed. Those data 
elements which have an association specified in correspond 
ing metadata may be characterized as dynamic. In contrast, a 
data element which does not have an association in its corre 
sponding metadata may be characterized as non-dynamic. 
Specifying associations allows a data element to be selec 
tively retrieved on demand as needed. Each data element may 
be retrieved as needed rather than retrieving and storing in 
memory all data elements of the structure when a reference 
(or usage) is made with respect to any single data element in 
the structure. Storage allocated for use with a data structure at 
a given point in time may vary in accordance with which data 
elements are currently stored in memory at that point in time. 
An association between a first data entity, such as objectX 

in FIG. 4 (more generally any data item or entity as an object 
or other data structure), and a second data entity, Such as data 
element B (hereinafter “B”) in FIG. 4 (more generally any 
other data item or entity Such as a data element within the 
object (e.g., Sub-object or variable) or data structure), may be 
characterized as specifying one or more different data access 
descriptions for B. Each data access description may indicate 
how, and from what location, to retrieve Bat a point in time. 
The association specifies how to retrieve or access B in a 
dynamic fashion (e.g., when needed on demand) based on a 
current context determined at the point in time when B is 
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referenced. For example, during program execution, if data is 
needed to execute a step and that data is currently not avail 
able (such as in a session or global cache as described else 
where herein), then an embodiment can retrieve the data and 
make it available to complete the step. Associations provide a 
dynamic aspect for data retrieval in that, for example, with a 
data structure which includes data element B, an association 
may be defined which specifies one or more different ways in 
which B may be retrieved. However, B is not actually 
retrieved until needed or referenced at a point in time. Addi 
tionally, a contextual evaluation is performed at the point in 
time based on criteria including one or more parameters with 
values for those parameters describing a current context. The 
results of the contextual evaluation of the criteria (e.g., evalu 
ating the criteria in accordance with a current context) may be 
used in retrieving B for a specified data access description. 
The results of the contextual evaluation may also be used in 
selecting a particular data access description for retrieving B 
at a point in time. As illustrated in more detail below, a data 
access description may, for example, specify a particular pro 
tocol used, a database accessed to retrieve a data element, a 
particular query to be used with the database, one or more 
conditions which evaluate to true to use the associated data 
access description, one or more operations performed on data 
elements or values used in connection with data access and 
retrieval, and the like. 
As illustrated in FIG. 5B, a dynamic data element may 

specify one of three types of associations when describing an 
association between X and B in accordance with an embodi 
ment of the invention. Each of the three types of associations 
provides a different mechanism describing how to access B.A 
first type of association, explicit 552, provides for explicitly 
specifying how to access B. With an explicit association, a 
single data access description is specified indicating how to 
retrieve B. Additionally, the single data access description 
may use one or more values directly in the retrieval of B. In 
other words, the one or more values do not have to be further 
processed for use in retrieving B. The one or more values are 
determined at the point in time when B is referenced or 
needed (collectively “referenced’). As an example as illus 
trated in 558, an explicit association may specify that B is 
retrieved using a SQL query with a current value of a data 
element as the key. 
A second type of association, conditional 554, (also 

referred to using a declarative page as described elsewhere 
herein), provides for specifying multiple data access descrip 
tions (denoted Access 1. Access 2, etc. in element 560) for a 
single association. Different contextual criteria in the form of 
conditions (denoted as Condition 1, etc., in element 560) may 
be associated with each data access description. The one or 
more contextual criteria are evaluated at the point in time 
when B is referenced and the results of the evaluation are used 
in selecting, one of the data access descriptions. As an 
example, one of multiple databases may be conditionally 
accessed to obtain B depending on one or more other values 
of parameters included in the criteria. One of the databases 
may be selected inaccordance with the one or more parameter 
values (current context) at a point in time when B is refer 
enced. Furthermore, it should be noted that one or more 
values may also be used in connection with retrieving B for 
the selected data access description. For example, once a 
database is selected (such as by having the associated condi 
tion evaluate to true), one or more values that vary with 
current context may be used in connection with performing a 
SQL query for the selected database. For example, the value 
of the key used in connection with the query may be based on 
a current value of a data element in a particular object. Thus, 
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the contextual criteria which is evaluated at a point in time 
may use values within one or more access descriptions as well 
as conditionals in the conditional type of association. It 
should be noted that each “condition' in 560 may be 
expressed using any one of a variety of different syntaxes 
(e.g., for textual expressions, expressions using arithmetic 
and comparison operators, symbols etc.). Examples are pro 
vided elsewhere herein. Furthermore, an embodiment may 
also include other statements than a WHEN statement as 
illustrated in connection with conditional associations. For 
example, an embodiment may also include an IF-THEN 
ELSE statement, SWITCH statement (similar to the C-lan 
guage construct), and the like. Each "data access description” 
may have a form similar to that as illustrated in connection 
with the explicit association type. For example, as described 
also in connection with other association types, an exemplary 
data access description may specify a SQL query performed 
against a database where the data access description specifies 
the query parameters, location (e.g., IP address, server name) 
and name of the database, and the like. 
A third type of association, derived 556, may be character 

ized as specifying a single data access description using one 
or more data values which require additional processing in 
order to be used in connection with retrieving B. As an 
example illustrated by 562, one or more data values may be 
added, concatenated, or otherwise require further processing 
in order to be used as a key in connection with an SQL query 
to retrieve the value of B from a database. In 562, the key 
value may be determined as a result of concatenating (e.g., 
concatenation operation indicated as “+”) VALUE 1 and 
VALUE 2 (where VALUE 1 and VALUE 2 may be repre 
sented as strings) and then applying a mathematical HASH 
function to the result to obtain the key used in the SQL query. 
The function, such as HASH, may be user-provided or 
defined or predefined, such as using existing functionality in 
server-side software. The HASH function in this example 
may be mathematical function used to determine a hash 
value. Hashing is generally known in the art and may be 
implemented using a variety of different algorithms. The 
hashing algorithm maps an input value (possibly large and 
variable-sized) to an output value. The output value may be a 
single integer in a predetermined range of possible output 
values. The HASH function is illustrative more generally of 
any function, routine or operation (e.g., mathematical opera 
tion, logical operation, string operation) that may be applied 
to a set of one or more values, variables, expressions, and the 
like. 
By way of further example, backward and forward chain 

ing inference methods may also be used to determine the key 
value. In an embodiment, the rules engine 42 may use 
VALUE 1 and VALUE 2 to select and process the appropriate 
rule(s) (i.e. for the current context) from rules base 40 in order 
to determine the key value. It will be appreciated that still 
other forms of additional data processing may be applied to 
VALUE 1 and VALUE 2 in connection with retrieving B. 

It should be noted that backward chaining and forward 
chaining are techniques that may use declarative rules. Back 
ward chaining starts with a list of goals (or a hypothesis) and 
works backwards from the consequent to the antecedent to 
see if there is data available that will support any of these 
consequents. A rules engine using backward chaining may 
search declarative rules until one is found which has a con 
sequent (e.g. Then clause as illustrated below) that matches a 
desired goal. If the antecedent (e.g. When clause illustrated 
below) of that rule is not known to be true, then it is added to 
the list of goals (in order for your goal to be confirmed you 
must also provide data that confirms this new rule). In the 
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example above, Suppose that the goal is to determine the 
Customer Status (i.e. the key value), given that the annual 
income (i.e. VALUE 1) is S60,000, number of products pur 
chased to date by Customer (i.e. VALUE 2) is 3, and that the 
rule base contains the following rules: 
1. When VALUE 1 is less than or equal to $50,000 Then X 
is low 
2. When VALUE 1 is greater than $50,000 Then X is high 
3. When X is low and VALUE 2 is less than or equal to 
2. Then Customer Status is Bronze 
4. When X is low and VALUE 2 is greater than 2. Then 
Customer Status is Silver 
5. When X is high and VALUE 2 is less than or equal to 
2. Then Customer Status is Silver 
6. When X is high and VALUE 2 is greater than 2. Then 
Customer Status is Gold 
This rule base would be searched and the third, fourth, fifth 
and sixth rules would be selected, because their consequents 
(Then Customer Status is . . . ) match the goal (to determine 
Customer's Status). It is not yet known whether X is high or 
low, so all the antecedents (When X is high and . . . . When X 
is low and ...) are added to the goal list. The rule base is again 
searched and this time the first two rules are selected, because 
their consequents (Then X is low, Then X is high) match the 
new goals that were just added to the list. The antecedent 
(When VALUE 1 is greater than $50,000) is known to be true 
and therefore it can be concluded that X is high, and that the 
Customer Status is Gold. Because the list of goals determines 
which rules are selected and used, this method is called goal 
driven, in contrast to data-driven forward-chaining inference. 
The backward chaining approach is used, for example, by 
expert Systems. Various programming languages, such as 
Prolog, Knowledge Machine and ECLiPSe, support back 
ward chaining within their inference engines. 

In contrast to backward chaining, forward chaining starts 
with available data and uses inference rules to extract more 
data until a goal is reached. A rules engine using forward 
chaining may search the declarative rules until it finds one 
where the antecedent (When clause) is known to be true. 
When found it can conclude, or infer, the consequent (Then 
clause), resulting in the addition of new information to its 
data. Forward chaining inference engines will iterate through 
this process until a goal is reached. For example, based on the 
same set of 6 rules above, Suppose that the goal is to determine 
the Customer Status of an individual with an annual income 
of S60,000 (i.e. VALUE 1) and who has purchased 3 products 
to date (VALUE 2). The rule base including the foregoing 6 
rules may be searched and the second rule would be selected, 
because its antecedent (When VALUE 1 is greater than $50, 
000) matches the data. Now the consequents (Then X is high) 
is added to the data. The rule base is again searched and this 
time the sixth rule is selected, because its antecedent (When X 
is high and VALUE 2 is greater than 2) matches the data that 
was just confirmed. The new consequent of the sixth rule 
(Then Customer Status is Gold) is added to a data set. Nothing 
more can be inferred from the set of 6 rules and the goal of 
determining the Customer Status has been completed. 
Because the data determines which rules are selected and 
used, this method is also called data-driven. 

It should be noted that the particular syntax, statements, 
and the like, used in FIG.5B and elsewhere hereinto illustrate 
associations is merely exemplary and should not be construed 
as a limitation of techniques described herein. As will be 
appreciated by those skilled in the art, the conditions and data 
access descriptions may generally be expressed in a variety of 
different ways other than as set forth herein for purposes of 
illustration. 
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The values used in connection with the foregoing three 

types of associations are determined (evaluated) at the point 
in time when a reference to B is made such that B may be 
retrieved on demand. The one or more values of parameters 
included in the criteria may be characterized as describing a 
current context at the time when B is needed causing the 
retrieval of B. Furthermore, in an embodiment in accordance 
with techniques herein, dynamic data elements (e.g., those 
having associations in data element metadata) of an object 
may be selectively retrieved at different points in time inde 
pendent of other data elements of the same object. Addition 
ally, it should be noted that another aspect of a dynamic data 
element is that since its data value may be retrieved at various 
points in time, the copy of data value retrieved may vary even 
though the criteria evaluates to a same set of values. For 
example with reference to 558, the same VALUE may be used 
for the key in the SQL query at several different points in time. 
However, the data stored in the corresponding record may 
vary with each point in time. 

With reference back to FIG.5A, associations may be speci 
fied when defining a data structure where the selected asso 
ciation type and one or more data access descriptions may be 
included in metadata for a corresponding data element. A data 
structure may include one or more data elements that are 
included in each instance of the data structure. The data 
structure may also include one or more data elements having 
contents which vary conditionally with each instance of the 
data structure depending on a current context. When defining 
the data structure, associations may be used to define the data 
elements which are retrieved dynamically when needed and 
which may vary in accordance with the current context. As 
part of a process defining the data structure, one or more 
associations may be specified indicating the possible differ 
ent ways or alternative methods for retrieving the data. The 
foregoing definition(s), including associations(s) as 
described herein, may then be evaluated as part of processing 
during operation (e.g., during runtime) of a system, Such as in 
connection with creating an instance of an object or operating 
on an existing object (e.g., Such as to perform updates or 
modifications to the object). The point of evaluation, Such as 
when an object or other instance is referenced, determines the 
current context which is used in dynamically evaluating the 
criteria as described herein for retrieving data for the object. 
Such evaluation may be performed dynamically each time the 
object is referenced and it is necessary to retrieve data for the 
object, for example, since Such data is not already included in 
a session or global cache, since an existing copy of the data is 
outdated or has expired, and the like. 

With reference back to FIG. 4, consider a data structure 
defined for an insurance claim which may include data ele 
ments A-E. Now, referring to FIG. 6, illustrated is a represen 
tation of a data structure defined for an insurance claim where 
data elements A, C and E are not dynamic (do not specify an 
association) and data elements B and D are dynamic (e.g. 
have a corresponding association). An instance of a claim 
may be created for any one of a variety of different types of 
insurance claims such as an auto claim, a homeowner claim, 
and a life insurance claim. For an instance of each claim type, 
a first portion of common information (common to all types of 
claims) represented by data elements A, C and E may always 
be included in the claim. Such information may include, for 
example, a claim number, claimant name, and dates. Policy 
information may also be included in the claim data structure 
instance for each type of claim. However, the particular policy 
information included in each data structure instance will vary 
with the particular type of claim. Additionally, the policy 
information may be retrieved from any one of three different 
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databases where the particular database selected varies with 
each type of claim. As such, an association of the second type, 
conditional, may be used when defining the data element 
related to the policy information of the data structure where 
conditional statements may be used to express the contextual 
criteria evaluated and used in selecting one of three different 
data access descriptions corresponding to the three different 
databases that may be used for the three types of claims. In 
this example, data element B may represent the foregoing 
policy information having an association of the conditional 
type. It should be noted that element D may also utilize one of 
the foregoing three types of associations although the remain 
der of the description for this example will make reference to 
element B for illustration of the techniques herein. 

In FIG. 6, two instances D1 and D2 of the claim data 
structure are illustrated for a user session. The claim instances 
D1 and D2 are stored in the session cache 602 for the client. 
In the example 600, the data for data elements A, C and E are 
initially retrieved from the database and stored in the session 
cache 602 for this particular user or client. The metadata may 
include the association for data element B indicating how to 
access data for data element B when referenced. 
At a laterpoint in time, as illustrated in FIG. 7, the user may 

perform operations causing retrieval of data element B for 
both instances D1 and D2. In the example 700, DB1 710 
includes automobile information as may be, for example, 
stored in a database at a state registry of motor vehicles 
(RMV). DB2 712 may be a database including information on 
homeowner policies and DB3714 may be some other local or 
external database containing automobile information. In con 
nection with data structure instance D1, a reference to data 
element B causes B to be loaded from database DB1 710 
based on evaluation of B's conditional type association 702. 
In this example for D1, condition C1 of 702 evaluates to true 
so that data element B is retrieved from database DB1710. In 
connection with data structure instance D2, a reference to 
data element B causes B to be loaded from database DB2 712 
based on evaluation of B's conditional type association 704. 
In this example for D2, condition C2 of 704 evaluates to true 
so that data element B is retrieved from database DB2 712. 
Element 720 may represent a session cache. 

It should be noted that although metadata associated with 
data element B is illustrated as being stored for each instance 
of the data structure D1 and D2, an embodiment may store 
only a single instance of the metadata for data element B for 
both data structure instances D1 and D2, or it may store the 
metadata in another location (such as a database) which is 
retrieved when needed, and the like. 

It should be noted that for purposes of simplification in 
illustration, complete SQL or other database queries for each 
of the 702 and 704 are not shown (e.g., no key is illustrated). 

With reference now to FIG. 8, in addition to loading the 
data for data element B 804 of D1 and data element B 806 of 
D2, respectively, from the selected databases DB1 and DB2 
into the session cache 820, the data for 804 may also be loaded 
into a global or server wide cache 802. Data included in the 
global cache 802 may be used by any client session accessing 
the server. In contrast, data included in a session cache may 
only be used for a particular user or client session. In this 
example, DB1 may be a database where a fee is paid for each 
database access or retrieval. AS Such in order to reduce costs 
incurred for using DB1, data from DB1 may be considered 
valid for a time period and may be made available for any 
session on the server by storing the data 804 retrieved from 
DB1 in the global cache 802. 
When retrieving a referenced data element which is not 

included in the client’s session cache, an embodiment may 
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look in the global cache 802 for the desired information. If the 
desired information is currently in the global cache 802, the 
information may be copied from 802 to the session cache 820. 
Otherwise, if the desired information was not found in the 
global cache 802, the appropriate database or other data store 
may be appropriately accessed in accordance with the 
selected data access description. In accordance with another 
embodiment, rather than have a copy of a data element in both 
session cache and global cache, an embodiment may alterna 
tively store a copy only in the global cache and all users 
referencing or using this data element instance may work 
cooperatively on the same copy in the global cache. In this 
manner, data cached in the global cache only (and not in any 
session caches) may provide for data integrity of the single 
copy shared by multiple clients or users. Element T1a illus 
trates retrieving a copy of data for B from DB1 and storing the 
data in the session cache 820. Element T1b illustrates retriev 
ing a copy of the data for B from DB1 and storing the data in 
the global cache 802. 

Referring to FIG. 9, shown is an example illustrating in 
more detail the metadata 902 that may be specified for data 
element B of data structure instance D1 of FIGS. 7 and 8. In 
the example 900, each of the conditions C1-C3 may be evalu 
ated when a reference is made to data element B of D1 until 
one evaluates to true. The conditions C1-C3 are included with 
three data access descriptions A1-A3. Each of the conditions 
C1-C3 are a function of (e.g., vary in accordance with) two 
other data elements (A and E) in D1. The value used as the key 
for each of the data access descriptions A1-A3 also varies 
with the particular data access description selected. When C1 
evaluates to true, the first data access description A1 is used to 
access database DB1 with a key of D1. A (i.e., data element A 
of data structure instance D1). When C2 evaluates to true, the 
second data access description A2 is used to access database 
DB2 with a key of D1. C (data element C of data structure 
instance DD. When C3 evaluates to true, the third data access 
description A3 is used to access database DB3 with a key of 
D1. A. In connection with this example, condition C1 evalu 
ates to true so DB1 (RMV database) as illustrated in FIGS. 7 
and 8 is accessed. It will be appreciated that the techniques 
described herein for data element B of D1 are not limited to 
using data elements A-C within the same data structure D1 in 
order to define conditions C1-C3 and key values. A variety of 
data types from different data sources can be used to specify 
conditions and data access descriptions. 
At a later point in time, suppose that D1 has been modified 

because the claim details were captured erroneously the first 
time and data element B is again referenced. At this laterpoint 
in time, the current context is determined and assume the 
criteria including condition C3 now evaluates to true at this 
later point in time (rather than C1 evaluating to true as 
described above). At this later point in time, a different 
instance of data element B of D1 is retrieved from DB3 in 
accordance with access description A3. 

With reference now to FIG. 10 in connection with updating 
data element B, data 1002 (data stored in data element B) is 
updated using data retrieved from DB3 as described above. 
Additionally, elements 1004 and 1006 of FIG. 10 illustrate 
how the metadata associated with data element B may also 
affected as a result of evaluating the association and retrieving 
the updated data element B. In accordance with the evaluation 
performed at the current time when B is referenced or other 
wise retrieved on demand (e.g., as a result of a changed data 
value upon which B depends), other metadata may be modi 
fied. In this example 1000, not only are the contents or copy of 
data element B1002 updated, but additionally, the metadata 
corresponding to size 1004 for B may be dynamically modi 
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fied as a result of retrieving the updated and perhaps more 
detailed automobile record for data element B. Similarly, if 
C2 evaluates to true at a particular point in time and data 
element B is updated with data retrieved from DB2, then the 
metadata corresponding to class 1006 will be dynamically 
modified to HOME instead of AUTO. 

Techniques described herein provide for dynamic data 
structures such as objects in an object-oriented environment. 
The data structures, such as objects, may be characterized as 
dynamic in a variety of different aspects as described above as 
well as in following paragraphs. In one aspect, the size of each 
object of a same class may vary in accordance with the dif 
ferent data elements and associated sizes included in each 
instance. Additionally, a single object may have a size which 
also changes over time in accordance with the different data 
elements included in the instance as may be dynamically 
determined based on parameters that change over time. For 
example, as illustrated in FIGS. 9 and 10, the data object D2 
may have a size that changes over time in accordance with the 
particulars of each data element. A data structure may have a 
layout including a dynamic data element where the size of the 
data element as well as class, and/or other metadata associ 
ated with the data element varies in accordance with one or 
more parameters. Such data elements, and the objects or other 
structures that include them, may be characterized as 
dynamic in that metadata describing the data elements, such 
as size and type information, may vary over time and may 
depend on one or more different parameters which are evalu 
ated at different points in time. As described, the metadata 
characterizes various aspects of a dynamic data element that 
may change over time. Additionally as illustrated in accor 
dance with techniques herein, a data element of a data struc 
ture may have corresponding metadata including an associa 
tion defining a data access description providing another 
dynamic aspect of the corresponding data element. The data 
access description for a data element indicates how to obtain 
data for the data element at a point in time. The data access 
description may utilize the foregoing one or more parameters 
which are evaluated at a point in time to retrieve data for the 
data element at the point in time. 
What will now be described in connection with FIGS. 11A, 

11B, 12 and 13 is another example illustrating dynamic data 
elements as may be used in providing dynamic data structures 
Such as objects. In connection with the following example, a 
claim class definition is used to provide an instance of a claim 
object in accordance with techniques herein. 

Referring to FIG. 11A, shown is an example 1100 of an 
object specified in accordance with techniques herein. The 
example 1100 illustrates data elements for an instance, 
CLAIM1, of a Claim class as may be included in the follow 
ing class hierarchy with different class levels in the hierarchy 
denoted by indentation: 
Insurance 

Claim 
Policyholder 
Audit Information 

In the above example, Claim, Policyholder and Audit Infor 
mation are all peer classes at a same level and are all defined 
as Subclasses of a parent Insurance class. FIG. 11A illustrates 
exemplary property designations for the Claim class. 
Although not illustrated, similar property designations for 
class definitions may be made for the Policyholder and Audit 
Information classes. It should be noted that a class structure, 
definitions, and associated inheritance may be expressed 
using any of a variety of different syntaxes and techniques 
known in the art. 
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The example 1100 includes data elements of 1102 and 

1108 which may be common to each type of insurance claim. 
It should be noted that 1102 as illustrated includes 5 data 
elements. Data elements 1104 and 1106 may be dynamic data 
elements utilizing associations as described herein. The data 
element Claim type 1102a may identify the particular type of 
claim as one of home, life, auto, and the like. In the example 
1100, the Policyholder 1104 may be associated with 
CLAIM1 by Claim type 1102a and Policy Number 1102b, or 
by Claim type 1102a and Claim Number 1102c. The Audit 
Information 1106 may be associated with CLAIM1 by an 
Audit number. It should be noted that Audit number in this 
example corresponds to an abstracted data item which has not 
yet been defined and will be described in following para 
graphs. The Audit Information 1106 may include information 
recorded with each access of the object CLAIM1. Audit infor 
mation may track, for example, what users access the object 
CLAIM1, what type of operations are performed by each 
user, when such operations are performed, and the like. The 
Policyholder 1104 may describe information about the per 
son who holds or owns the insurance policy against which the 
claim is made. 

In accordance with techniques herein, the object CLAIM1 
may be partitioned into a plurality of data elements. A portion 
of those data elements that may vary with type of claim or 
other aspect of a claim instance may utilize associations to 
provide for dynamic associations between the main data 
structure, Claim object, and its associated data elements com 
prising the structure as will now be described in more detail. 

Referring to FIG. 11B, shown is an example 1150 illustrat 
ing in graphical form the associations between the Claim 
object of FIG. 11A and its dynamic data elements 1104 and 
1106. In this representation, each node in the graph may 
representadata entity which is an objector other data element 
(e.g., variable even though no variable is illustrated). The 
edges between nodes may characterize the association 
between the connected nodes. The representation 1150 is a 
directed graph including directed edges from a source to 
target node. The target node may correspond to the data entity 
being referenced through or included within another data 
entity. 

It should be noted that the foregoing example 1150 is 
merely one way in which associations between data entities 
may be represented. 

Referring to FIG. 12, shown is an example 1200 illustrating 
use of a conditional type association in representing the asso 
ciation between a Claim and a Policyholder. The example 
1200 illustrates information that may be included in metadata 
for the data element Policyholder within a Claim object. The 
Policyholder information may be obtained from one of a 
multiple locations depending on the type of claim (Claim type 
data element 1102a). As illustrated by 1202, when the Claim 
type=HOME, then a first database, HOMEDB, including 
information on homeowner policies may be accessed. As 
illustrated by 1204, when the Claim type=AUTO, then a 
second database, AUTODB, including information on auto 
policies may be accessed. The conditional association may 
also include other conditions and data access descriptions 
than as illustrated in accordance with the particular policy 
types included in an embodiment. 

In this example 1200, it should be noted that the Policy 
holder may vary in accordance with Claim type, Policy num 
ber and Claim number. The Claim type is used in connection 
with evaluation of the conditionals of 1202 and 1204. When 
1202 evaluates to true, the Policy holder depends on the 
current Policy number (1202b of FIG. 11A) since this is used 
as the key in the SQL database query. When 1204 evaluates to 
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true, the Policy holder depends on the current Claim number 
(1202c of FIG. 11A) since this is used as the key in the SQL 
database query. 

Referring to FIG. 13, shown is an example 1300 illustrating 
use of an explicit type association in representing the asso 
ciation between a Claim and Audit Information. The example 
1302 illustrates information that may be included in metadata 
for the data element Audit Information within a Claim object. 
An audit database, AUDITDB, may be accessed to retrieve 
related audit information regarding a claim. Each time there is 
an operation performed on the claim object CLAIM1, corre 
sponding audit information in the audit database may be 
updated. The same audit database may be accessed for all the 
types of claims so that only a single data access description is 
needed. In 1302, the claim number may be used as the key in 
connection with querying the audit database for the audit 
information. The audit information of the claim instance 
CLAIM1 may vary depending on when the request for the 
audit information is performed. It should be noted that Audit 
Number is further defined in 1302 as being equal to the data 
element Claim number (1102c) in the CLAIM1 object. An 
embodiment may refer to a variable or other data entity, such 
as Audit Number, used to associate two data elements when 
describing the overall data layout Such as with class defini 
tions. The variable or data entity may then be more specifi 
cally defined elsewhere. Thus, the variable or data entity 
Audit Number provides an added level or means for abstract 
ing how Claim and Audit Information are associated. As such, 
an implementation of the techniques herein may provide a 
first interface by which the classes are defined such as may be 
used for defining the Claim class of FIG. 11A. In connection 
with this first interface, a user may abstractly describe how 
data objects, such as Claim and Audit Information, are asso 
ciated. Another user of a second interface may further 
describe or define the foregoing abstract association by pro 
viding an explicit definition for Audit Number. As an 
example, the first user may be a non-technical business person 
defining the data layout, user interface and/or workflow that 
defines how the data is presented and processed in an appli 
cation. The second user may be a technical user who then 
specifies system interfaces and an SQL query (including key 
number) for data retrieval. The foregoing abstraction pro 
vides for encapsulating details regarding the association 
within the metadata and an implementation may accordingly 
provide interfaces and ways of defining an association if 
desired. The foregoing may be embodied in an implementa 
tion in a variety of different ways such as through the use of 
declarative pages described in more detail elsewhere herein. 
As a further variation, Suppose an embodiment changes the 

way in which Audit Information is accessed from that as 
illustrated by 1302 to that as illustrated in 1304. In element 
1304, the definition of Audit Number has been changed so 
that a derived association type is used rather than the explicit 
association type of element 1302. In 1304, the Audit Number 
is determined as a result of performing an operation, Such as 
addition, of Claim number (data element in current instance 
of Claim class 1102c) and Policyholder. Auditnum. 'Audit 
num” may be a data element included in the class definition 
for Policyholder. Generally, for derived associations, refer 
ence may be made to data elements having a value determined 
at the point in time of evaluation. 
When an instance of the Claim object, CLAIM1, is created 

using the foregoing definition as illustrated in FIG. 11A, the 
data elements 1104 and 1106 defined using associations may 
not be populated until each data element is actually refer 
enced or otherwise utilized. The data access descriptions for 
1104 and 1106 may be specified describing how to retrieve 
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data for a data element when needed. A contextual evaluation 
is performed with respect to an association and corresponding 
data access description(s) at a point in time when the data 
element is referenced or otherwise utilized. 

Based on the foregoing, the data structure definition (such 
as for the class definition of an object) may use associations in 
connection with those portions which may vary with current 
context and for which it is desired to retrieve such data on 
demand in a dynamic fashion when referenced. The forego 
ing techniques provide for specification of a flexible, dynamic 
data structure definition that may be used in connection with 
data structure processing so that each instance of a data struc 
ture being processed may be dynamically constructed having 
contents that may vary inaccordance with the current context. 
Furthermore, memory may be efficiently used in that data 
elements are not retrieved until needed such as via a reference 
in connection with a particular operation or task. Addition 
ally, through the use of memory caches, such as session 
cache?s) and/or a global (server) cache, an instance of data 
which is retrieved on demand may be available for reuse in 
connection with other references to the same data instance. 
As illustrated above in connection with the techniques 

herein, an embodiment may utilize object-oriented tech 
niques and define a class structure which may be character 
ized as a relatively “flat” class structure. This may be con 
trasted with defining a class hierarchy in which associations 
and dynamic data elements of the techniques herein are not 
utilized. Following is an example of a class hierarchy as may 
be utilized in a system which may not include the dynamic 
data elements with associations as described herein: 
Insurance 
Claim /general claim information applies to all claim 

types */ 
AUTOCLAIM /*claim data elements specific to AUTO 

claims / 
HOMECLAIM /* claim data elements specific to HOME 

claims / 
LIFECLAIM /* claim data elements specific to LIFE 

claims / 
Policy /*general policy information applies to all types of 

policies 
AUTOPOL /* data elements specific to AUTO policies */ 
HOMEPOL /* data elements specific to HOME policies */ 
LIFEPOL /* data elements specific to LIFE policies */ 

The above hierarchy relies on class inheritance in forming a 
structure definition. For example, an instance of the AUTO 
CLAIM class (i.e. an AUTOCLAIM object) includes data 
elements from the Claim class and the data elements of the 
AUTOCLAIM class which are specific to AUTO claims. A 
HOMECLAIM object includes data elements from the Claim 
class and the data elements of the HOMECLAIM class which 
are specific to HOME claims. Thus, the structure of an object 
is determined in accordance with inheritance in the class 
hierarchy. In the foregoing, each indentation indicates 
another class level in the hierarchy so that, for example, Claim 
and Policy are subclasses of the Insurance class; AUTO 
CLAIM, HOMECLAIM, and LIFECLAIM are subclasses of 
the Claim class; and AUTOPOL, HOMEPOL and LIFEPOL 
are subclasses of the Policy class. 

In contrast, an embodiment using the techniques herein 
may define an alternate class hierarchy as follows: 
Insurance 
Claim 
Policy 

Auto 
Home 
Person 
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with classes Insurance, Auto, Home and Person defined as 
peer classes at a same level in the class structure and where the 
class Insurance includes Subclasses Claim and Policy, Claim 
is a class including data elements for any type of insurance 
claim (such as illustrated in FIG. 11A), Policy is a class 
including data elements for any type of insurance policy (e.g., 
policy number, policy holder, etc.). Auto is a class including 
data elements describing an automobile (e.g., Vehicle Id No. 
registered owner, year, make model, etc.), Home is a class 
including data elements describing a home/house (e.g., 
address, value of the home, etc.), and Person is a class includ 
ing data elements describing a person Such as name, date of 
birth (DOB), address, and the like. It should be noted that the 
Auto class, Home class and Person class may, respectively, 
describe any auto, home and person without being limited to 
use with insurance. Rather than rely on inheritance, a refer 
ence to a particular object or data element in a class may be 
explicitly made based on dynamic and contextual evaluation 
of associations as described herein. For example, with refer 
ence back to FIG. 12, a conditional type association may be 
used to retrieve the correct instance of Policyholder from the 
correct database depending on Claim type, Policy number 
and Claim number. 
What will now be described and illustrated is another 

example in connection with FIGS. 14A, 14B, 15 and 16 using 
the techniques herein. This example uses the classes Auto, 
Person, Home, Policy and Claim as mentioned above in an 
embodiment with a class structure. 

Referring to FIG. 14A, shown is an example 1400 illustrat 
ing classes and associated definitions that may be used in an 
embodiment in accordance with techniques herein. The 
example 1400 includes classes 1440 identifying the classes 
Insurance, Auto, Person, and Home at a same level. Element 
1440 also includes Policy and Claim defined as subclasses of 
the parent class, Insurance. Each of the classes—Insurance, 
Auto, Home and Person—may be characterized as a peer 
class with respect to the others. Element 1410 represents data 
elements that may be included in a class definition for Auto. 
Element 1420 represents data elements that may be included 
in a class definition for Person. Element 1430 represents data 
elements that may be included in a class definition for Policy. 
Element 1450 represents data elements that may be included 
in a class definition for Claim. Element 1435 represents data 
elements that may be included in a class definition for Home. 
It should be noted that an embodiment may include other data 
elements in the foregoing class definitions than as in FIG. 
14A. 
The Claim class 1450 includes four data elements 1451, 

1452, 1454 and 1456 which use associations as described 
herein. Elements 1452 and 1454 use conditional type asso 
ciations and elements 1451 and 1456 use an explicit type 
association. Element 1452 specifies an association where 
information regarding an insured item is conditionally 
retrieved from the appropriate database in accordance with 
Claim type 1458. Element 1454 specifies an association 
where information regarding an insurance policy is condi 
tionally retrieved from the appropriate database in accor 
dance with Claim type 1458. Element 1456 specifies an 
explicit association where information regarding the policy 
holder is retrieved from the appropriate database (Person 
DB). Element 1451 specifies an explicit association where 
information regarding the claimant is retrieved from the 
appropriate database (PersonDB). Thus, the claim class defi 
nition 1450 specifies different possibilities and variations in 
connection with accessing the different data elements. In 
other words, the associations define, for particular contexts, 
how to access data for the particular data elements. 
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The example 1400 of FIG. 14A illustrates what may be 

defined in connection with an embodiment using the tech 
niques herein for an insurance claim application. The class 
structure and definitions may provide, alone or in combina 
tion with others not illustrated, for different types of possible 
insurance claims that may be made. Furthermore, it will be 
appreciated that the techniques described herein may be used 
by any Software application that automates work processing. 

Referring to FIG. 14B, shown is an example of objects 
instantiated based on the class definitions of FIG. 14A. The 
example 1500 includes Auto object 1510, Person object 1520, 
Policy object 1530 and Claim object 1550 for an insurance 
claim made againstan automobile insurance policy. Such as in 
connection with an automobile accident. The Claimant 1551 
is a data element that is an instance of Class Person (repre 
sented by 1520) determined by accessing a record in the 
database PersonDB using a key of 99 (current value of Claim 
..Claimant ID). Insured item 1552 is a data element that is an 
instance of class Auto (represented by 1510) determined by 
accessing a record in the database AUTODB using a key of 
1001 (current value of Claim. Policy Num). Policy 1554 is a 
data element that is an instance of class Policy (represented by 
1530) determined by accessing a record in the database 
AUTOPOLICY DB using a key of 99 (current value of Claim 
. Policy. Named Insured ID). Policy Holder 1556 is a data 
element that is an instance of class Person (represented by 
1520) determined by accessing a record in the database Per 
sonDB using a key of 99 (current value of Claim. Policy. 
Named Insured ID). 

It should be noted that in FIG.14B, no instance of the class 
HOME is illustrated for purposes of this example 1450. 

Referring to FIG. 15, shown is a graphical representation of 
associations between data entities of FIG. 14B. The example 
1600 is one way in which the dynamic data elements using 
associations as illustrated in FIGS. 14A and 14B may be 
represented in accordance with conventions as described 
elsewhere herein, for example, in connection with FIG. 11B. 
It should be noted that the policy holder of a claim is deter 
mined indirectly through information in the policy and refers 
to an object of class person as represented by 1602 and 1604. 
The same object of class person is also referenced as the data 
element for the claimant data element as represented by 1606. 
Thus, FIG. 15 illustrates how a same instance of an object 
(e.g. Person) may be referenced through two different asso 
ciations in a data structure. If the claimant changes in this 
example, edge 1606 would identify a different instance of 
Person than as identified by edge 1604. 

It should be noted that if the Insured Item is an object of 
class Home rather than an object of class Auto, element 1608 
would be replaced by a node indicating the Insured Item as a 
Home. 

Referring to FIG. 16, shown is another graphical represen 
tation of the associations between data entities of FIG. 14B. 
The example 1650 illustrates another way in which the asso 
ciations between the different data entities may be expressed. 

In accordance with techniques herein when defining a data 
structure Such as using a class definition, all possible associa 
tions between data elements are specified by defining criteria 
which is contextually and dynamically evaluated as part of 
data processing (e.g., during operation or runtime of a system 
using the foregoing definitions including associations) at a 
point in time to retrieve the data elements for a particular 
instance. 
As described above, associations described herein may 

also be characterized as “loose' associations specifying a 
loose coupling between data entities (e.g., between object and 
sub-object or other data element such as a variable). The 
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foregoing loose associations may be contrasted to associa 
tions characterized as tightly coupled associations. As an 
example, a person has a name and the association between 
person and name may be characterized as a tightly coupled 
association. The association does not vary with context at a 
point in time. A person may also be associated with a resi 
dence identifying where the person resides. The residence of 
a person may vary with one or more factors. For example, a 
person may have more than one residence and a residence 
currently associated with the person may vary with a time of 
year, for example. Such as a seasonal residence. Time of year 
may be a parameter having a value included in the current 
context which is used in determining a person’s residence at 
a point in time. Thus, a person has a residence which may be 
characterized as a loosely coupled association that varies and 
may be represented using one or more of the three types of 
associations described above. 
What will now be described in connection with FIGS. 17 

and 18 is another example illustrating use of techniques 
described herein to express the above association of person 
and residence. In FIG. 17, shown is an example 1700 using 
data elements that may be included in a class person 1702 and 
data elements that may be included in a class Policy 1704. 
Element 1706 specifies a residence type as seasonal or per 
manent. Element 1708, residence, specifies a conditional 
association indicating how to determine a person’s residence 
as it may vary in accordance with value for residence type. In 
connection with 1708, the residence for a policy instance is 
determined in accordance with residence type (1706) and the 
current season. The current season may be determined using 
current month and date information which is mapped to a 
particular season. For example, Summer season may be 
mapped to the months of May through September, and winter 
season (as related to residences) may be all other months of 
the year. 

Referring to FIG. 18, shown is a graphical representation of 
the associations inaccordance with the definitions of FIG. 17. 
It should be noted that FIG. 18 illustrates the 3 possible 
outcomes for a particular instance of the policy class. If a 
policy object is instantiated, a graphical representation of the 
association for the instantiated object would include only one 
of the three edges illustrated in the example 1750. 
The three exemplary types of loose associations described 

above-explicit, conditional and derived—may be character 
ized as parameterizing the association between data entities 
where the parameters describe a current context when evalu 
ated at a point in time when a data entity (such as a data 
element within an object or other data structure) is requested. 
A loose association between data entities (as described 
above) is one in which the two data entities have an associa 
tion with one another which may vary in accordance with one 
or more parameter values describing the current context. As 
Such, the criteria which is evaluated in connection with an 
association in order to retrieve a data elementata point in time 
may also be generally represented as a function having a value 
which depends on one or more other values. 
As described herein, the criteria may include one or more 

parameters as well as conditionals (such as included in the 
conditional type association), that reference or otherwise use 
Suchparameters in association specifications. These param 
eters have values which may vary in accordance with time. (.. 
A current context at a particular point in time may be 
expressed as data values for the parameters determined at that 
point in time. The data values of the current context may then 
used to evaluate the criteria. 

Referring to FIG. 19, shown is an illustration of a param 
eterized representation of a function that may embody the 
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criteria where the function is evaluated at a point in time in 
accordance with a current context. Element 1802 provides a 
general representation of a function F which may be evalu 
ated using one or more parameters denoted in a list form as 
A1, ..., An, where each Ai, i=1 ... n corresponds to one of 
the parameters which is evaluated at a point in time in accor 
dance with a current context. For example with reference 
back to FIGS. 17 and 18 in connection with determining a 
residence as an address, element 1804 specifies that the resi 
dence expressed as an address is determined as a function of 
(e.g., varies in accordance with, or is otherwise dependent 
upon) the current date/time of year and a current data value in 
the policy instance indicating the type of residence (value of 
residence type 1706). It should be noted that element 1802 is 
a general way in which any of the associations described 
herein may be represented. In connection with techniques 
herein, the criteria (e.g., one or more parameters and any 
references and uses thereof in connection with associations) 
may be evaluated at a particular point in time when the 
dynamic data item is referenced or otherwise utilized. At this 
point in time, values for the parameters may be determined for 
use in evaluating the criteria in accordance with the particular 
instance of the data structure. The one or more values may be 
used in the association Such as, for example, in the conditions 
and/or data access descriptions. The one or more values may 
represent a current context at a particular point in time (e.g., 
contextual criteria expressed as parameters which have val 
ues based on an evaluation of the parameters at the point in 
time). 

With reference to element 1802, the function F to be evalu 
ated may be implemented as a routine using appropriate 
mathematical and/or logical statements embodying the crite 
ria which, when evaluated, may be used in connection with 
providing a retrieved data item as a function return value. The 
inputs to the function F at a point in time may be the data 
values for the parameters (e.g., the data values represent the 
current context at the point in time). The processing per 
formed within a body of the function F may be in accordance 
with the criteria to be evaluated to provide the return value of 
the data item for the association. For associations including 
one or more data access descriptions, the body of the function 
F may perform processing to select a data access description 
(e.g. Such as a result of evaluating the different conditions of 
a conditional association). Furthermore, the function F may 
determine any values for items in the data access description 
(e.g., SQL query parameter values for a key determined by 
evaluating any expressions, retrieving values for any vari 
ables or data items used in expressions, and the like.) The 
function F may then retrieve the data item using the foregoing 
data access description evaluated dynamically in accordance 
with the current context. 

With reference to element 1804, the function F may return 
an address indicating the residence based on data values 
provided for the parameters of date/time of year and type of 
residence. The function F may perform processing as repre 
sented and described in connection with element 1708 of FIG. 
17 to evaluate the illustrated conditions. For the condition that 
evaluates to true, the function may then retrieve the appropri 
ate data value which may then be returned as the data for the 
Residence data item. 
To further illustrate, reference is made to FIG.9 where the 

criteria includes parameters or variables D2.A, D2.E., and 
D2.C. The criteria also includes references or uses to these 
parameters in the data access descriptions of 902 such as the 
conditionals C1, C2 and C3 and the SQL query keys. The 
parameters used in retrieving data element B may be 
expressed as dependent variables or parameters of a function, 
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F(D2.A, D2.C and D2.E). A current context may be specified 
for a point in time by determining data values for the param 
eters D2.A, D2.C and D2.E at the point in time. The data 
values may be provided as an input the function to dynami 
cally evaluate the criteria embodied within the function at the 
point in time Such as, for example, to evaluate the conditionals 
C1, C2 and C3 and the keys used in the data access descrip 
tions to access the data element B. The function may imple 
ment logic expressed in the conditional association of ele 
ment 902 to return data for element B. The function may 
evaluate conditionals C1, C2 and C3 to select one of the three 
access descriptions (e.g. A1, A2 and A3). The selected access 
description may then be evaluated to provide values for any 
data access description parameters (e.g., such as a data value 
for the database key). The function may then retrieve the data 
for element Busing the selected access description where the 
retrieved data may be returned from the function. 

In an embodiment when defining the data structure (such as 
a class definition), associations between data entities (such as 
between an object and its data elements) may be specified in 
a declarative manner. For example with reference to FIG. 14A 
including a claim class 1450, the policyholder 1456 may be 
specified as a data element in the claim structure. In an imple 
mentation, the details of how the data for the policy holder is 
determined and location from which the policy holder data is 
retrieved (which may vary) may be abstracted through the use 
of a declarative page. The policy holder declarative page may, 
in turn, be referenced within a user interface and the indi 
vidual defining the user interface does not need to be con 
cerned with the association details that are included in the 
declarative page. Instead, another user may specify the data 
structure and details of the association metadata including the 
conditionals and data access descriptions within the declara 
tive page definition. In other words, declarative pages provide 
developers with unprecedented flexibility in building appli 
cation by abstracting the task of data retrieval and association 
definition from designing and building other components 
(e.g. defining a class structure, user interface and process 
definition etc.) of the application. 

This is best explained by using an example of an auto 
insurance application that may use many risk modifiers to 
calculate an underwriting score. The underwriting rules (de 
cision rules, declarative expressions, etc.) responsible for 
doing the calculation may simply reference the risk modifier 
data elements contained within a declarative page. During 
processing of the underwriting rules at runtime, the risk modi 
fier data will either simply be referenced if it already exist in 
the session or global cache or it will be automatically 
retrieved according to the data access descriptions and asso 
ciations specified by the declarative page. The declarative 
page for risk modifier data elements is not defined as part of 
the underwriting processes and rules that use it. This is ben 
eficial not only because of the flexibility it provides during 
development, but also because it allows reuse of data struc 
tures and makes the overall application easier to maintain. By 
way of example, the data source or mechanism (e.g. protocol) 
for retrieval throughout the application can be updated by 
simply changing the particular declarative page definition 
once. Furthermore, the data structure for risk modifiers can be 
used in other insurance applications because it is nicely 
encapsulated, apart from the processing application rules. 

In an embodiment inaccordance with techniques described 
herein, a page may be generally characterized as correspond 
ing to an instance of one of the atomic portions or units of data 
Such as a data element (e.g., object or other instance of a data 
entity). For example, a first page may correspond to an 
instance of an object of class person 1420 of FIG. 14A, a 
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second page may correspond to an instance of an object of 
class policy 1430 of FIG. 14A, and so on. In one embodiment 
in accordance with techniques herein with reference back to 
FIG. 2, data may be retrieved from the persistent object store 
82 (e.g., a database) and converted to an XML-based structure 
referred to as a page which may be stored in memory, such as 
in the session cache 84 for a client. A page in accordance with 
the XML-based structure may contain property-value pairs 
corresponding to columns and associated values retrieved 
from the database for the particular objector other instance of 
a data entity. A declarative page definition may be character 
ized as a definition for the page and may include, among other 
information, the data access description(s) and conditionals 
(if any) of the associations as described herein so as to encap 
sulate or further abstract how the data for the corresponding 
page is obtained on demand. For example, a declarative page 
definition may identify the type of association used to retrieve 
the data element, include any SQL query or conditions, and 
the like. As a further example with reference to FIG. 14A, a 
declarative page may be defined and referenced in connection 
with a claim class definition for Claimant 1451. The declara 
tive page defining the Claimant may include information 
represented in 1451 to access the Claimant data item instance. 
The declarative page definition for Claimant may identify that 
the page is an instance of class Person, the SQL query param 
eters (e.g., including key-Claim . Claimant ID) used to 
retrieve the data for the page, the database to be accessed (e.g., 
PERSON DE3), the location of the database (e.g., IP address, 
database server name), the protocol (e.g., Simple Object 
Access Protocol (SOAP)) to use when accessing the database, 
and the like. The declarative page definition may also define 
other attributes of the page or instance of the object or other 
data entity. In this manner, a first person defining the classes 
of FIG. 14A may simply include in the class definition the 
name of the declarative page definition for “Claimant'. A 
second person may define the contents of the declarative page 
definition specifying how to access and retrieve data for the 
Claimant data element 1451 as just described. Thus, the data 
access descriptions may be abstracted from the class defini 
tions through the use of the foregoing. 
As another example with reference back to FIGS. 7 and 8. 

automobile information or driving record information as may 
be obtained from the RMV database may be implemented 
using pages. A first declarative page definition may be speci 
fied for automobile information (e.g., VIN number, make, 
model, year, etc.). A second declarative page definition may 
be specified for a driving record (e.g., name, D.O.B., resi 
dence, etc.). Each instance of a driving record for a different 
person may be stored as a page. Similarly each instance of a 
automobile record for a different vehicle may be stored as a 
page. Each of the foregoing pages (e.g., instance of a data 
entity) may refer to existing data. Pages may be created and 
refreshed on demand as needed Such as, for example, as 
referenced by rules in a rule based system. As will be appre 
ciated by those skilled in the art, an embodiment may imple 
ment the associations techniques as described herein in other 
ways. 

In accordance with techniques described herein, an 
instance of a data structure. Such as an object, may be defined 
to have a layout or definition which includes one or more 
dynamic data elements as described above. For a dynamic 
data element, an association may be described in metadata 
where the association specifies one or more data access 
descriptions. The data access description specifies how to 
access or otherwise obtain data for the data elementata point 
in time. The data access description is utilized and evaluated 
at a point in time when the dynamic data element is needed. In 
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other words, each time an instance of a data structure is 
created, retrieved from a database, or otherwise initially 
loaded into memory, all data elements of the instance may not 
be currently needed. As such, non-dynamic data elements 
which do not utilize associations may be loaded into memory. 
Additionally, dynamic data elements utilizing associations 
included in the data structure may be selectively loaded at 
different points in time as desired during data processing, 
Such as, during execution of a system utilizing the techniques 
herein. At these points in time, the criteria included in the 
association is evaluated. 
As an example, a data structure may be created at a first 

point in time in a first user database session and stored per 
sistently to a database. At a later point in time in a different 
database session, a user may performan operation resulting in 
loading the data structure from the database to a session cache 
for the user's current database session. Operations performed 
by the user during the current database session may be per 
formed with respect to a copy of data retrieved from the 
database as stored in the session cache for the current data 
base session. Subsequently, such as, for example, at the end of 
the user's database session, the copy of the data for the session 
may then be committed or stored persistently to the database. 
The techniques herein may be used in connection with the 
instance of the data structure retrieved from the database and 
loaded into the user's current session cache. The non-dy 
namic data elements may be retrieved and stored in the cache. 
For those dynamic data elements, the data associated there 
with may be selectively retrieved from the database or other 
location at a point in time as desired in accordance with the 
defined association included in the data element's metadata. 
Each dynamic data element may use a data access description 
and other metadata affecting whether the data element is 
automatically retrieved at different points in time. For 
example, the metadata may indicate whether to utilize a 
cached copy or otherwise always retrieve a fresh copy from 
the persistent object database. Furthermore, the metadata 
may specify whether to refresh the cache copy of the data 
element after a specified time period (e.g., using an expiration 
time for the cache copy of the data element so that when a 
reference is made to the data element and the data element has 
been stored in the cache for the amount of time indicated by 
the expiration time, the data access description is again evalu 
ated and used to retrieve a fresh copy of the data element), and 
the like. Thus, the amount of cache or other memory allocated 
for the data structure instance may vary with time. Until the 
dynamic data element is needed, data for the data element 
may not be retrieved and loaded into the cache or other 
memory. 

In furtherance of the foregoing example, consider the case 
where the user performs an operation requiring the instance 
of the data structure to be retrieved and loaded from the 
database into the session cache. The data structure may 
include a first dynamic data element. It may be that the par 
ticular operation performed by the user does not actually 
require or utilize the first dynamic data element but rather 
may use other data elements of the structure. As such, the first 
dynamic data element may not be initially retrieved and 
stored in the session cache. At a later point in time during the 
session, the user may perform a second operation which does 
utilize the first dynamic data element. At this second point in 
time, data for the first dynamic element may be retrieved and 
loaded into cache. 

Dynamic data elements may also be loaded and stored 
independently of each other. For example, a data structure 
may include two dynamic data elements. A first of the 
dynamic data elements may be retrieved and loaded into the 
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session cache at a first point in time but not the second ele 
ment. At a later point in time, an operation may be performed 
causing the second dynamic data element to be loaded and 
stored in the session cache. A data element may also be loaded 
into a global cache or memory as also described and illus 
trated elsewhere herein. In one embodiment, data included in 
a page as described above may be stored in either the session 
cache level or the global cache level in accordance with 
appropriate properties or attributes of a corresponding 
declarative page definition. Examples of types of data that 
may be stored in a page (e.g., data object Such as an instance 
of a class) designated as being a session cache level may 
include information about a current user or current user ses 
sion Such as personal information for the user, user creden 
tials or permissions, customized user preferences, informa 
tion about a process, and the like. Examples of types of data 
that may be stored in a page designated as being at the global 
cache level (e.g. where all users reference or work from the 
same copy) may include commonly used lookup lists, code 
tables, translation tables, system settings, commonly used 
information, data that changes infrequently, and the like. 

In an embodiment, definitions for data elements may be 
specified Such as using a class structure and providing class 
definitions including data elements. Definitions for the data 
elements may include using one or more associations as 
described herein. At a later point in time, a system may utilize 
the foregoing definitions in connection with processing per 
formed during runtime. For example, the definitions may be 
used in connection with creating a class instance (e.g., data 
object) and using the associations to dynamically retrieve 
data elements when referenced or otherwise used during pro 
cessing. A plurality of events (also referred to as "trigger 
events') may trigger processing to access data for a dynamic 
data item in accordance with associations as described herein. 
Such events may include a reference or use of the dynamic 
data item. Such use may be, for example, a direct reference by 
a user on a client viewing information including the dynamic 
data item on a current UI display. Another example of an event 
which triggers processing to access the data for a dynamic 
data item may be in connection with rule processing. For 
example, one or more declarative rules may be defined which 
specify relationships between data elements in the form of an 
equation Such as AB+C. Such declarative rules may, in turn, 
be referenced by other decision rules where the value of A is 
used in a conditional evaluation. During processing of the 
decision rule at run time, if the values of B or C are not 
available in session or global cache in order to compute A, 
Such rule processing may result in automatic retrieval of B 
and C and updating of A. Processing performed to access data 
for a dynamic data item may include evaluating the criteria in 
accordance with a current context at a point in time, deter 
mining whether a copy of the data is already loaded into 
virtual memory such as a session cache or global (server) 
cache, retrieving or loading the copy of the data from a data 
base or other data store if not already in virtual memory, and 
the like. Variations of the foregoing may occur depending on 
characteristics or attributes specified for a particular page 
affecting how long a cached copy is considered valid (e.g., 
expiration time), and the like. As such, in accordance with 
techniques herein using associations and defined data access 
descriptions, each instance of a data element may be retrieved 
on an “as needed' (on demand) basis in accordance with the 
current context. Additionally, once the instance in loaded into 
virtual memory, the same instance may be reused at different 
points in time, for example, by the same user session if stored 
in a session cache, or for example, by multiple users if stored 
in the global or server cache. 
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As described herein, the associations between data entities 
may be specified in a declarative manner Such as using the 
declarative pages. Within the declarative page definitions 
may be one or more a data access descriptions specifying how 
to access data associated with the dynamic data element. An 
embodiment may define a set of declarative page definitions 
for use by one or more applications. 
The techniques herein have broad applicability in automat 

ing business processes in a wide variety of industries. Illus 
trated herein are a few examples of data structures for units of 
work (hereinafter “work items) that are processed by work 
flows in order to automate business processes in the insurance 
industry. For example, in a claims processing application or in 
an insurance application renewal system, each work item may 
represent and contain data related to a particular claim and an 
insurance application, respectively. By way of non-limiting 
example, the techniques herein may also be used in connec 
tion with data processing for workflows in other areas such as 
finance (e.g., loan processing and approval), healthcare, auto 
motive, food and restaurant industry, sales and services 
related to a variety of different consumer goods and services 
(e.g., clothing, electronic goods including computers, appli 
ances, etc.), and the like. Business processes as may be appli 
cable to one or more of these industries may relate to, for 
example, purchasing a product or service, returning a previ 
ously purchased item (e.g., Such as in connection with sales of 
any consumer products), Submitting a complaint or problem 
report requiring resolution (e.g., such as in connection with a 
purchased defective consumer product or service), inventory 
update and purchasing (e.g., tracking sold items, when to 
reorder Supplies, etc.), and the like. 
As described above, data structures which are associated 

with one another in accordance with techniques herein may 
be objects. As will be appreciated by those skilled in the art, 
the techniques herein for associations may be more generally 
used to associate data structures representing other data enti 
ties besides objects. For example, the data structures associ 
ated using the associations techniques herein may be database 
tables such as relational database tables which are in a nor 
malized form. As known in the art of relational databases, a 
normalized database structure. Such as a table, has a form 
which is suitable for use with performing different operations 
(e.g., querying, inserting, updating, deleting) without result 
ing in undesirable or unexpected results such as anomalies 
that may cause a loss of data integrity. For example, a data 
base table may be in third normal form as well as first normal 
form or second normal form for use with associations 
described herein. A database table may be in any one of a 
variety of different normal forms where the different normal 
forms are associated with criteria providing varying degrees 
Vulnerability to logical inconsistencies and anomalies. It 
should also be noted that each of two data structures associ 
ated with one another in accordance with techniques herein 
may represent different data entities. For example, associa 
tions as described herein may be used to associate a first data 
structure, which is an object, with a second data structure, 
which is a relational database table. An existing legacy system 
may utilize and store data as relational database tables. A 
second system may utilize and store data as objects in an 
object database (e.g., having a form other than as a relational 
database table of the legacy system). Associations as 
described herein may be used to associate a data structure 
from the foregoing legacy system with another data structure 
from the second system. 
The techniques herein may be performed by executing 

code which is stored on any one or more different forms of 
computer-readable media. Computer-readable media may 
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include different forms of volatile (e.g., RAM) and non 
Volatile (e.g., ROM, flash memory, magnetic or optical disks, 
or tape) storage which may be removable or non-removable. 

While the invention has been disclosed in connection with 
preferred embodiments shown and described in detail, their 
modifications and improvements thereon will become readily 
apparent to those skilled in the art. Accordingly, the spirit and 
scope of the present invention should be limited only by the 
following claims. 
What is claimed is: 
1. A computer-implemented method for processing an 

instance of a data structure comprising: 
receiving, at a first point in time, a request to create an 

instance of a data structure, the data structure compris 
ing one or more data elements, wherein at least one of the 
data elements is a dynamic data element that uses an 
association specifying how to retrieve data for the 
dynamic data element in accordance with criteria, said 
criteria being evaluated using a current context deter 
mined at a point in time; 

in response to receiving said request, performing first pro 
cessing including allocating storage for any data ele 
ments in the data structure which are not dynamic data 
elements, wherein said first processing does not include 
allocating storage for the dynamic data element and does 
not include processing to retrieve data for said dynamic 
data element using said association unless it is deter 
mined that said dynamic data element is referenced at 
said first point in time in connection with a triggering 
event using said dynamic data element; 

detecting a reference to said dynamic data element at a 
second point in time in connection with the triggering 
event at said second point in time; and 

in response to said detecting, performing second process 
ing, said second processing including: 

allocating storage for said dynamic data element if not 
previously allocated at said first point in time; 

evaluating said criteria at said second point in time using a 
current context determined at said second point in time; 
and 

retrieving data for said dynamic data element in accor 
dance with said association being evaluated using said 
current context at said second point in time. 

2. The method of claim 1, wherein said criteria uses one or 
more parameters which are evaluated in accordance with a 
current context at each point in time when said dynamic data 
element is referenced. 

3. The method of claim 2, wherein at least one of said 
parameters is a value of another data element in said instance 
of the data structure. 

4. The method of claim 2, wherein at least one of said 
parameters is based on a date associated with a time at which 
said dynamic data element is referenced. 

5. The method of claim 1, wherein data for said dynamic 
data element is stored in a persistent data store. 

6. The method of claim 5, wherein said data is retrieved 
from said persistent data store to create the instance of the 
data structure in a session cache for at least one client. 

7. The method of claim 6, whereina different session cache 
is used for each client. 

8. The method of claim 7, wherein a copy of said instance 
is stored in a global cache used by a plurality of client ses 
sions. 

9. The method of claim 8, wherein each of said plurality of 
client sessions corresponds to a different client connected to 
a server and said global cache is used as a server cache by said 
plurality of client sessions. 
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10. The method of claim 1, wherein said data structure is an 
object in an object-oriented environment. 

11. The method of claim 10, wherein said object is an 
instance of a class, and each data element associated with said 
object represents any of an attribute and property of the class. 

12. The method of claim 10, wherein a definition for said 
data structure is included in a definition of a class, said class 
being included in a class structure. 

13. The method of claim 12, wherein said dynamic data 
element is included in a second class definition that is defined 
at a same level in the class structure as said class. 

14. The method of claim 1, wherein said evaluating said 
criteria at said second point in time results in identifying an 
existing instance of a data entity which is retrieved from a data 
store by said retrieving. 

15. The method of claim 1, wherein said association is an 
explicit association specifying a single data access descrip 
tion identifying how to retrieve said data for said dynamic 
data element in accordance with said current context at said 
second point in time. 

16. The method of claim 1, wherein said association is a 
conditional association including a plurality of conditions 
and corresponding data access descriptions, wherein if one of 
said conditions evaluates to true, a selected one of the corre 
sponding data access descriptions is used to retrieve data for 
the dynamic data element. 

17. The method of claim 1, wherein said association is a 
derived association including a single data access description 
identifying how to retrieve data for said dynamic data element 
in accordance with said current context at said second point in 
time, said derived association including one or more values 
which are further processed at said second point in time in 
order to retrieve data for the dynamic data element. 

18. The method of claim 17, wherein said derived associa 
tion includes a plurality of data values which are further 
processed in accordance with an operation identified in said 
derived association. 

19. The method of claim 18, wherein said operation 
includes performing any of a mathematical operation and a 
string operation on at least a portion of said plurality of data 
values. 

20. The method of claim 18, wherein said operation uses 
any of forward chaining and backward chaining inference 
methods. 

21. The method of claim 1, wherein said association 
includes a data access description that identifies how to 
retrieve said data for said dynamic data element, wherein said 
data access description includes an item that depends upon at 
least one of said criteria. 

22. The method of claim 21, wherein said item is a key 
included in a database query and the key has a value deter 
mined in accordance with a parameter included in said crite 
ria, said parameter having a value determined in accordance 
with a current context at a point in time when said dynamic 
data element is referenced. 

23. The method of claim 21, wherein said data access 
description identifies at least one of a database to be accessed 
in connection with said retrieving, a location of a database, 
and a protocol. 

24. The method of claim 1, wherein said association is 
included in metadata for the dynamic data clement. 

25. The method of claim 24, wherein as a result of perform 
ing said second processing, a portion of said metadata is 
updated. 

26. The method of claim 1, wherein said data structure 
represents a work item in a business process. 
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27. The method of claim 26, wherein said business process 

is managed by any of a public and private entity. 
28. The method of claim 27, wherein said business process 

is a process in one of a plurality of areas, said plurality of areas 
including telecommunications, government, insurance, 
insurance claims processing, insurance application renewal, 
insurance underwriting, finance, loan processing, healthcare, 
automotive, retail product sales, clothing, marketing, com 
puter services, food and restaurant industry, consumer sales 
and services, purchasing a product or service, returning a 
previously purchased item, Submitting a complaint or prob 
lem report requiring resolution, ensuring compliance with 
government rules and regulations, and inventory update and 
purchasing. 

29. The method of claim 1, wherein in connection with said 
second processing, said data for said dynamic data element 
corresponds to a first data instance, and, if said first data 
instance is already loaded into memory, said first data 
instance already loaded into memory is used in connection 
with said retrieving, and otherwise additional processing is 
performed to load said first data instance into memory. 

30. The method of claim 1, wherein said dynamic data 
element is referenced at said first point in time and said 
criteria is evaluated in accordance with a current context at 
said first point in time to access data for the dynamic data 
element, wherein said first processing includes determining 
that data for said dynamic data element corresponds to a first 
data instance of a first class or type. 

31. The method of claim 30, wherein said second process 
ing determines that data for said dynamic data element cor 
responds to a second data instance of said first class or type. 

32. The method of claim 1, wherein said triggering event 
includes any of displaying a user interface with the dynamic 
data element contained therein, performing rule processing, 
determining that data for said dynamic data element is not 
already loaded into virtual memory, determining that data for 
said dynamic data element is not already loaded into a session 
cache or a server cache, and determining that a cached copy of 
data for said dynamic data element is no longer valid in 
accordance with an expiration time. 

33. The method of claim 1, wherein said association is 
included in a declarative page, and said declarative page is 
used in connection with said referencing to retrieve said data 
for said dynamic data element. 

34. The method of claim 33, wherein said declarative page 
is referenced during processing of said dynamic data element 
in connection with a workflow process. 

35. The method of claim 33, wherein said declarative page 
is updated to change how data for said dynamic data element 
is accessed, wherein said change includes using at least one 
of a different criterion, a different condition, a different 
parameter, and a different data access description. 

36. The method of claim 34, wherein said declarative page 
is defined in a declarative page definition, and said workflow 
process is defined in a workflow process definition that is 
separate from said declarative page definition. 

37. The method of claim 1, wherein a server receives said 
request from a client to create an instance of the data structure, 
and wherein said server performs said first processing and 
said second processing. 

38. The method of claim 1, wherein at least one of the data 
structure and the dynamic data element is a database table. 

39. The method of claim 1, wherein one of the data struc 
ture and the dynamic data element is an object and another of 
the data structure and the dynamic data element is a database 
table. 
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40. The method of claim 38, wherein the database table is 
in a normalized form. 

41. A computer readable medium comprising executable 
code stored thereon for processing an instance of a data struc 
ture, the computer readable medium comprising executable 
code for: 

receiving, at a first point in time, a request to create an 
instance of a data structure, the data structure compris 
ing one or more data elements, wherein at least one of the 
data elements is a dynamic data element that uses an 
association specifying how to retrieve data for the 
dynamic data element in accordance with criteria, said 
criteria being evaluated using a current context deter 
mined at a point in time; 

in response to receiving said request, performing first pro 
cessing including allocating storage for any data ele 
ments in the data structure which are not dynamic data 
elements, wherein said first processing does not include 
allocating storage for the dynamic data element and does 
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not include processing to retrieve data for said dynamic 
data element using said association unless it is deter 
mined that said dynamic data element is referenced at 
said first point in time in connection with a triggering 
event using said dynamic data element; 

detecting a reference to said dynamic data element at a 
second point in time in connection with the triggering 
event at said second point in time; and 

in response to said detecting, performing second process 
ing, said second processing including: 

allocating storage for said dynamic data element if not 
previously allocated at said first point in time; 

evaluating said criteria at said second point in time using a 
current context determined at said second point in time; 
and 

retrieving data for said dynamic data element in accor 
dance with said association being evaluated using said 
current context at said second point in time. 


